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PREFACE

J!4.

This report describes the Airbase Damage Assessment (AIDA) computer

model, designed for rapid examination of the results of conventional--

air attacks on complex targets. A user's guide and program listing are

included.

AIDA was developed by Rand for use in a study, conducted at Hq

USAFE, of conventional air attack effectiveness. The model incorporates
both a Monte Carlo mode and a deterministic (or expected-value) mode of

operation. Approximations used in the expected-value computations,

while differing from those used by the Joint Munitions Effectiveness

Manual (JMEM), are equivalent in precision to those of the JMEM hand

methods. A large body of publications furnishes background for the

methods used and for input values required by AIDA.

AIDA has a variety of possible applications. It can be used as an

aid in planning effective attacks against complex target sets, or--by

testing alternative attack headings, aim points, and the like--in examin-

ing the tradeoffs between damage to primary and secondary targets. It

should also prove useful in target (e.g., airbase) protection studies,

both to provide realistic and detailed samples of possible damage pat-

terns and to assess different protection options.

AIDA has been discussed with, and made available to, the Operations,

Intelligence, Plans, Logistics, Engineering, and Communications staffs

at Hq USAFE; to the staff of the Assistant Chief of Staff for Studies

and Analysis at Hq USAF; and to a number of other DoD and NATO organiza-

tions. This report is being published to provide a record of the model

and to make it available to a wider audience. The computer program is

available from The Rand Corpcration.

This work was conducted under the Project RAND research project

entitled "Rand Ramstein Activity."

U
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SUMMARY

This report describes a new computer model that permits examina-

tion of conventional bombing attacks on complex targets--e.g., on an

airfield. A complete user's guide is included. Damage statistics for

up to 250 individual targets can be quickly assessed for attacks involv-

ing as many as 50 delivery passes and 10 types of weapons. Both point-

impact weapons (such as general-purpose (GP) bombs and precision-guided

munitions (PGMs)) and area weapons---cluster bomb units (CBUs)--can be

handled, and targets may be grouped into 20 different vulnerability

categories to distinguish different levels of weapon effectiveness.

If the user is concerned only with the expected numbers of hits wit'i

point-impact weapons, and is not interested in either CBU weapons or

the coverage and damage variations expected with point-impact weapons,

a special, more efficient expected-va:-e mode is provided.

In its basic mode, AIDA determines the actual impact points (pat-

tern centroids for CBUs) by Monte Carlo procedures--i.e., by random

selections from the appropriate error distributions. GP bombs and PGMs

that impact within a specified distance of a target are classed as hits,

and the results include the total number of hits on each target and the

cumulative probability of kill. For CBU munitions the program assesses

the fraction of each target covered by each pattern, and the results

include the fractional coverage from all patterns and a cumulative

probability of kill for each target. In addition to these results for

the complete attack, the attack can be repeated automatically for sev-

eral trials to provide statistics on the average damage levels to be

expected. In the special expected-value mode, average hit dc.asities

are determined directly, without recourse to Monte Carlo procedures.

In the basic mode, up to 5 targets may be designated as runways

or taxiways suitable for aircraft operations, and the model will examine

these to see if an area of specified size is available for such opera-

S • tions; if not, the minimum number of craters that would need to be re-

paired to obtain an area of that size is determined.

The AIDA program is designed so that many cases can be examined

conveniently during each run--a feature that will prove useful, for

p 4 e
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k example, when one desires to quickly examine several attack options,

Computer output includes both the input data and the attack results

that hav~e been specified. Most model features are illustrated with

a sample problem.
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I. MODEL DESCRIPTION

The AIDA (Airbase Damage Assessment) computer model permits exami-

nation of bombing attacks on a complex set of targets--e.g., on an air-

field. In AIDA's basic mode of operation, the actual bomb impact points

are obtained by Monte Carlo procedures, and the attack can be repeated

for several trials to provide statistical estimates of the average daiu-

age and variability of that damage for each of the many targets. Al-

ternatively, an expected-value mode is offered when only point-impact

weapons are employed in the attack and when the user is interested only

in the expected numbers of hits. With a variant of the expected-value

mode, one may also generate hit-density patterns for complex attacks

without specifying an actual target system. Both modes of operation

and several different sets of problems may be treated by successive

cases during a single computer run. The several features available

with AIDA are illustrated in Sec. IV.
t

In AIDA the target system may be composed of up to 250 separate

targets, for example, shelters, hangers, maintenance buildings, runways,

taxiways--evr pipelines. The complete attack may consist of up to 50

1 distinct weapon-delivery passes. Each target is a rectangle of specific AS

size and orientation and an attack pass is defined by the expected proba-

bility of arrival, a heading, and the aim point, delivery accuracy, and

dispersion for a stick of weapons. Targets may be grouped into 10 or

20 different vulnerability categories and there may be up to 10 differ-

ent kinds of weapons dropped in an attack.

This computer model has a variety of possible applications. Since

an entire airbase may be represented rather accurately, AIDA can be used

That is, the actual mean point of impact and the actual Impacti• points are determined by random variates drawn from the appropriate•I

error distributons.

Most array dimensions may be changed fairly readily, and they have

been in several instances. Some of the dimensions mentioned in this

report differ from those outlined in an earlier version of AIDA; the
changes weemade to maximize program utility while limiting core stor-

age requirements. Users will find instructions for changing program

dimensions at the beginning of AIDA's MAIN subroutine.
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to study how one might best design an attack to damage both primary and

secondary targets. Whereas many bomb-damage rids deal only with a single

target (or set of like targets) and provide no direct evidence as to the

collateral damage to be expected, AIDA could be used to help design an

attack that would get the maximum benefit from those bombs that miss the

primary target. AIDA should also prove usef ' in a variety of studies

of base protection and repair, in that it could proiide a more realistic

and detailed picture of possible damage than is customarily available.

Yet another area in which AIDA may prove useful is as the first step in

an analysis of the sortie-generation capabilities of a damaged base.

Hopefully the results of this model can be used as input Lo a sortie-
generation model, and the combination may then be able to provide a

much better understanding of the effects of attacks on aircraft opera-

tions than exists today. In addition to analyzing problems involving

airfield complexes, AIDA could just as easily be used to assess attack

options and expected damage levels for attacks against the complex tar-

get arrays found at field headquarters, SAM sites, supply depots, etc.

Although AIDA is straightforward and simple mathematically, its

substantial flexibility should prove useful in a wide range of studies.

For the reader who wants more detail on the methodological treatment

than is discussed in the body of this report, a program listing is in-

cluded in Appendix C.

MONTE CARLO MODE

In this mode of AIDA, weapons may be of two basic types: point-

impact weapons (such as general-purpose (GP) bombs and precision-guided

munitions (PGMs) or area weapons (such as cluster bomb units (CBUs)). A

t weapon reliability may be associated with each kind of weapon. For

each kind of point-impact weapon an effective miss distance (EMD) may

be specified for each target type (i.e., that miss distance at which

I the weapon is effective and an impact is to be categorized as a hit).

One that can account for thz- effects of various levels of damage
to the various elements of a base.

Approximations used in the AIDA computations, while different

from those used in the Joint Munitions Effectiveness Manual (JMEM), are
about equivalent in precision to those of the JMEM hand methods.

V. %
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When this is done, target coverage is computed as that fraction Qf the

target area that is covered by a circle having a radius of END and

centered at the impact point. Additionally, the user may specify a

value for target kill probability, given a hit (as deified above), or

he may specify a different radius than the EMD and that will also be

used for computing a value of coverage. This option may be specified
individually for each target type and weapon type, as with the EMD.

For example, with this feature one can use the EMD to represent the

radius of the mean area of effectiveness (MAE) for severe structural

damage to a building, and the alternate value to represent the radius
of the MAE for severe damageý to tlhe building's contents, given a hit

on the structure. The final results will include the cumulative cover-

age fractions for each target for all point-impact weapons, correspond-

ing to both the EMD and to the optional factor, computed according to

the rti:

FC -1 - (1- C(i)) 3
all hits

where in the first case, C t(i) is the target coverage based on the

EMD of the ith hit on the target of type t by a weapon of type w; in

the second, it is assessed according to the user specified option.

If weapons are specified as CBUs, the model first computes the

fraction of the area of each target that is covered by the rectangular

bomblet pattern. The total fractional coverage of a target for all

passes is that fraction of the area that has been covered by one or

more patterns. If a probability of kill is associated with "coverage"

by CBU patterns, the model will generate the total probability of kill,

taking into account the actual position of each of the CBU patterns

that covered any portion of the target, according to the relation:

T M

PK 1 H k i - i - /T

i=l a=l w t



where a = the attack number,

i = a point on the target grid,

N(a,i) = the number of times point i was "covered" during

attack a,

M = the total number of CBU attacks,

T = the total number of target grid positions, and

Pk W = the probability of kill of a portion of a target
w,t of type t that is "covered" by a bomblet pattern

froid a weapon of type w.

The results for each trial include the number of hits by point-

impact weapons and the fractional coverage by CBUs for each target as

well as the point-impact weapon coverage (FC) and CBU kill probability

(PK); in addition, for the targets that the user has specified (for a

maximum of 20 targets other than the runways and taxiways), the impact

points and weapon types are printed for up to 25 weapons per target.

For multiple trials, the results for each target include the fraction

of trials with at least one hit, the average number of hits and aver-

age CBU coverage, the standard deviation of these two measures, and

the average values of FC and PK for the several trials. A full descrip-

tion of the output options is presented in the next section and is sum-

marized in Table 1, p. 9.

The user may also specify that certain (up to 5) of the (rectangu-

lar) targets are actually runways or taxiways that are suitable for air-

craft operations. The model will then test to see if such operations

are possible from these areas; i.e., tests are made to see if the min-

imum clear length and width required for operations are available after

the attack. In testing for runway availability, only point-impact weap-

ons are considered, and the crater radius is taken as the EMD. Up to

250 hits can be stored and examined for each such target (the locations

will be listed along with hit data on other targets). If the runway

does not meet the minimum requirements, the user may requesc an assess-

ment of how few craters would need to be repaired to meet those require-

ments. The user may also request an approximate -omputer plot of the

impact points for each runway.

By d-'ining as type #1 targets.
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Coverage by CBU patterns is not taken into account in the runway

assessments; examination of the effects of CBUs on the runway would

require that the user either make a visual estimate using the approxi-

mate computer plot or plot the impact points and the resulting bomblet

patterns more accurately on a plan of the airbase.

EXPECTED-VALUE MODE

This mode operates with target and attack descriptions that are

identical to those used with the Monte Carlo mode of operation. How-

ever, only point-impact weapons may be included in the attack. Com-

putationally this mode derives an average value of the hit densityt

for each target and for each attack. These are combined to provide

the total expected number of hits for all the attacks. Althoagn this

mode provides no evidence regarding the statistical variations that

must be expected in actual hit patterns, it does p~ovide a quick, ef-

ficient means of assessing the expected values. Since, for many prob-

lems, a rather large number of Monte Carlo trials is required in order

to get a reasonably accurate estimate of average values, one can some-

times use both the Monte Carlo and expected-value modes to advantage.

The Monte Carlo mode can first be used with a limited number of trials

to provide gross estimates of target coverage and of the variability 4

of hits; the expected-value mode can then speedily provide a reasonably

accurate estimate of the average number of hits. As will be illustrated
*i

Except that the centroids are shown on the computer plots when

they fall within the area included in the plot.

iThe point value of the hit density is first determined at several
points on each target for the specified aiming errors and dispersion;
these values are computed for each of several positions along the in-
tended line of bomb impacts. The average hit density is taken as the
arithmetic average of these point values for the several target points
and the several positions along the bomb impact line. If the target

dimensions are small (i.e., less than one-quarter the RMS of the range
and deflection errors projected parallel to each target edge), only the
target corners are used for avera~ing. For larger targets, a uniform
grid of internal points is established with spacing no greater than
one-quarter the RMS noted above. The expected number of hits is com-
ptited as the product of the average hit density and the area of the
target (including a border as wide as the EMD).

iI
I i i i i r l 1 1 1 F I 1
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in Sec. IV, this two-step calculation would require only two more cards

than would either calculation alone.

A special feature of the expected-value mode permits the user to

quickly generate a hit-density grid. This feature is controlled by

special target cards that may be used either alone, or in conjunction

with normal target cards. Each such card generates a 17 x 17 grid of

hit-density values measured over a square of specified dimensions (the

dimension should be a multiple of 16). If no dimension is specified,

hit densities are provided at 250 ft intervals over a 4000 x 4000 foot

square. The southwest corner for each grid is placed at that position

specified on the special target card. Such cards are identified by

specitying target type #21--an entry that acts as a control signal with-

in AIDA.

AIDA OPERATION

* AIDA offers several features designed to simplify its operation and

to permit a series of cases to be analyzed during a single computer run.

Most are illustrated in Sec. IV. The first feature permits a multi-

* .aircraft attack against the same objective to be specified simply; when

two or more attacks have common parameters (i.e., heading, desired mean

point of impact (DMPI), CEP, dispersion, arrival probability), a single

entry will generate the additional attacks. Other convenience features

derive from use of the REDO card (see the next section). When this card

is encountered it acts as a terminator card, terminating the input for

one case and announcing that there will be a subsequent case. If de-.1 sired, an entirely new set of data may be input following a REDO card.

Alternatively, the subsequent case may be a modification of the preced-

ing case; a few simple inputs permit the user a wide range of modifica-

tion options. One may change AIDA's mode of operation or any of the

control variables. In addition, targets may be added to the prior list;

or some may be removed and then others added. The same can be done

with attacks. For example, this feature could prove particularly use-

ful in investigating a series. of alternative attack options on a given

airfield.
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AIDA's features provide substantial flexibility. For example,

since target location is not restricted, it is possible to have two

identical targets at the same location; by assigning these targets

different type numbers, one can assess results for two weapon effects.

This would be useful, for example, in determining expected personnel

and materiel losses (targets with different MAEs) in open parking

areas. The kill probability options available with impact weapons

complement this technique. Consider, for example, two identically

located buildings (of different target types), each with EMDs fixed

by the MAE for a structural kill. If one also inputs an effective kill

radius based on equipment damage for one of the buildings and the kill

radius for personnel with the other, the Monte Carlo re3ults will in-

clude estimates of the structural damage, as well as of the materiel

damage and personnel losses resulting from a structural hit.

ii
•3'!1

I *
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II. INPUT PROCEDURES

Up to seven basic types of cards can be used in operating AIDA,

although only three are required. Four types describe the target and

attack characteristics and three others are used to control operations.

For each basic card the type is identified in the first four columns

(left-adj usted):

TGT target data card

ATT attacker data card

ATT2 alternate attacker data card (optional)

END weapon card (optional)

CONT control card (optional)

REDO controls sequential cases (optional)

END last card

For two of these basic card types--ATT2 and EMD--supplementary cards

are used. For the ATT2 card a following card (with additional data,

as will be described) is mandatory. One to three suppleme.atary cards

may be employed with the EMD card, as will be described.

There may be as many as 250 TGT cards, 50 ATT or AT12 cards, and

10 END cards. For a given case there may be at most 1 CONT card. The

order of the cards is imaterial except that a REDO card or an END

card must be used to signify the completion of input for a given case.

The targets and attackers are numbered, internally, in the sequence

in which their descriptions are read in; each target may also have an

alphanumeric designator (.i. g., building number). A detailed descrip-

tion of how data are to be entered on each type of card is presented

in Appendix A. The input data are printed for each case; Table 1 out-

lines the output options for the results. The program will function

"in its simplest form with only TGT cards, ATT or ATT2 cards, and an

END card.

The only exception is that if the special "target type #21" cards
are used in conjunction with the special hit-density grid feature, one
of these cards must be the last target card.
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Table I

OUTPUT CONTROL

For Each Trial %

NPRINTa All All Hits Multiple
Control Impact (and Target Stored Hit Runway Trial
Value Points Corners) Hit Data Summary Results Statistics

-2 X X X X X X
-iX X X X X

0 X X X X

1 X X X

2 X X

3 X

4Xb X

5 xX

aEnter in Columns 23, 24 of CONT card.

bcompact listing of hits and required repairs for runways/taxiways.

C
Cempact listing of hits on each target.

A control (CONT) card will be required if advantage is to be taken

of more than the most basic of AIDA's features; without this card AIDA

examines only one Monte Carlo sample of the attack and provides the

actual numbers of hits on all targets and the stored hit locations for

specified targets. Specifically, a CONT card is needed if (1) more than

one trial is required, (2) an alternative output mode is desired, (3) a -

different mode of operation is desired (e.g., the expected-value mode),

or (4) the runway availability features are to be exercised. As ex-

plained more fully on pp. 38-39, this card is used to specify the number

of trials, the mode of operations, the output formats, the dimensions of

the minimum runway surface, whether or not the user wants the minimum

repair requirement assessed, and the distances that the "minimum runway

rectangle" will be shifted laterally and longitudinally in testing for

an available area.
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Several special features should be noted with respect to the EMD

cards. To begin with, these cards are optional; if the EMD card is

not used for one or more weapon types, these weapons are assumed to be

point-impact weapons that must impact within the target outline to be

counted as "hits." If more of the features are to be used for a par-

ticular type of weapon, an EMD card is input with the number of the

weapon entered in Columns 11 and 12. If weapon reliability is less

than unity, a I is placed in Column 6 of the END card and the relia-

bility is entered in Columns 7 to 12 of a special card placed immed-

iately following the EMD card. If the user wants to consider 20 types

of targets, rather than only 10, a 1 is placed in Column 5, and daca

for the second set of 10 target types are entered on a supplementary

card (2 cards if a 1 also appears in Column 6). The other entries for

the EKD card and the special following cards differ, depending on

whether it is a CBU-type munition or a point-impact weapon.

CBU munitions are denoted by a negative number in Columns 13 to

18 on the EMD card. The absolute value of that number is taken as the

CBU pattern dimension along the flight direction; pattern width is

specified in Columns 19 to 24. If tne user wants to associate a prob-

ability of kill with CBU coverage on some or all of the target typeo,

that fact is also denoted by the integer 1 in Column 6 of the EMD card.

When this is done the program interprets entries on the following cardX

(also used for weapon reliability) as pks for that weapon against the

desired target types.

Other special features are available for use with point-impact

weapons. If a weapon can effectively damage a target when it actually

falls near but outside the target outline, the EMD for a "hit" can be

entered in Columns 13 through 72 (in 10 fields of 6 columns) of the EMD

card (and auxiliary card) for the 10 (or 20) target types. The appro-

priate entry in many instances would be the radius of a circle whose
area is equal to the MAE (as presented in JMEM manuals) for the corre-

sponding target-weapon combination. In the case of hits on runways or

taxiways, however, the appropriate entry is crater radius; when AIDA

01ý In ten 6-column fields from Columns 13 to 72.
OWN

'+ * ~- ~ I ' 5 W............ 1
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"checks for the availability of a minimum runway, each reliable impact

is assumed to have a crater radius equal to EMD.

For each "hit" with a point-impact weapon an estimate is made of

the fraction of the target area that is covered by a circle of radius

SEMD. The user may also select one of the additional options (see

Fig. 2); using the supplementary card he either may input a Pk for a

particular weapon-target type or specify a radius different than END

for defining another "effects" circle to be used in computing an addi-

tional coverage measure. In either case (p or radius) the value is
k

entered on the supplementary card in the field corresponding to the

appropriate target type.

A REDO card terminates the input for one case and initiates a new

case. If no additional entries are made on the REDO card, the targetsW -M and attacks for the next case will include all those entered in the

preceding case. If some, but not all, of the preceding targets and/or

Aattacks are to be included, the number of targets that are to be re-

tained is entered in Columns 7 to 12 and the number of attacks to be

retained is entered in Columns 13 to 18. The numbers to be retained

are selected from the beginning of the ordered lists generated in the

input process. If a negative entry (e.g., -1) is made in either or

both of the target or attack fields, none of the prior targets and/or
attacks will be considered in the new case.

After specifying which--if any--of the prior inputs are to be re-

tained, additional targets and attacks may be added with appropriate

TGT and ATT cards. If a 1 is entered in Column 24 of the REDO card,

the target list and/or the attack and weapons lists will not be in-

cluded in the input listing, if no change has been made in those lists

from the prior use.

Control conditions will remain as in the preceding case unless a

new CONT card is entered with appropriate data. An END card must be

used, at the end of the last case, to complete the card deck.

As noted earlier, the cumulative coverage of a target is given
by 1 minus the product of the probabil.,ity of noncoverage to all hits;
this is equivalent to saying that in estimating the target area cov-

ered by a particular weapon the effect of prior hits is neglected.

A value greater than I is interpreted as a radius.

k, n
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III. PROGRAM NOTES

AIDA is written in FORTRAN IV and first operated on the Honeywell

6060 used with Hq USAFE's Worldwide Military Command and Control System

(WWMCCS); subsequently, it has been run on the IBM 360/370 series. AIDA

is easily transferable to other computers because there are no system-

unique features employed. The program is composed of approximately

1950 card images organized into a MAIN routine and 17 subroutines. As

presently dimensioned, AIDA operation requires 36K words of core. The

organization of the various subroutines and their functions are indi- A
cated in Fig. 3; this structural outline of AIDA should also prove use-

ful for anyone who wants to overlay the program so as to reduce core

storage requirements. Potential users will find that the source code

is moderately well annotated with comment cards. A full listing of

the definitions for the key variables and arrays will be found in

Appendix B.

AIDA's CPU requirements obviously can vary widely depending on

the complexity of the problem (i.e., numbers of targets and attacks
and use of the special runway features) and upon the required number of

replications. For problems involving about 150 targets, 750 bombs, and

20 replications of the attack, computing times have run between 1-1/2

to 2 minutes on the Honeywell machine. To limit these requirements the

process used to test for hits with point-impact weapons has been de-

signed to reduce the TARGETS X BOMBS dimensionality problem somewhat, 4-

by ordering targets in a particular manner and by only checking those

targets "near" each bomb impact point. Nevertheless there is a very

substantial amount of checking and computation required.

The computation problem is especially severe when CBU munitions

are used. To estimate the joint coverage of all CBU patterns, the tar-

gets each have a uniform grid of points superimposed, and each of those

points is checked to see if it lies within one or more of the patterns.

Minor format changes may be required in a few instances; name
changes will probably be necessary for the random number generator.

S_ , , , , ++l +++-
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MAIN controls program operations M A I N
and initializes numerous arrays

Reads, organizesand lists INPUT
input data
Performs bomb trajectory J5
calculations as required

Computes and stores target [ TTDIM
corner locations !

Computes and prints hit- GD
density grid on demand

Computes and prints expected
number of hits for point-im-
pact weapons

Orders targets by location _TGTORD

of westernmost corner
Groups targets into zones __ _ __

Determines actual MPI and BOMB
weapon-impact points GAUSS

Checks for hits with point _TESTHT

impact weapons IG

Checks for coverage by

CBU-type weapons

C6ntrols runway tests CHECKR

Checks for runway minimums
ane determines minimum repairs
Plots impact points on/near PLOTHT
runways and main taxiways

MorePrints results from individual PRINT trials?

trials
No__Yes

Computes and prints the i TATIS More cases?
statistical resiults for
multiple trials No Yes

Fig.3- Organization and function of the AIDA •iroutines
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The fraction of the target grid points that is covered by one or more

CBU patterns is used as the estimate of fractional coverage. For small

targets only a 4 x 4 grid is used, but for the very large targets (di-

mensions in excess of 1000 x 1000) a 16 x 16 grid is used; quite

obviously the computational requirements are affected by the presence
of large targets and the use of CBUs, but not, fortunately, in direct
proportion to the number of grid points.

The procedure used for checking the availability of an adequate

section of runway also involves substantial processing. A rectangle

of the required dimensions is positioned first at a corner of the run-

way and tested to see if there is a hit within the rectangle. If there

is, the rectangle is moved 5 ftt laterally and rechecked; this is re-

peated across the runway or until an open area has been found. If none

is found the rectangle is shifted 250 ft along the runway and the pro-

cess is repeated. If the dimensions of the minimum usable runway sec-

tion are small, or if the runway is large and/or there are many hits, a

very substantial amount of processing can be required. These require-

ments are further increased when an assessment of the minimum repair

requirements is requested. Furthermore, if there are other runways,

or taxiways suitable for emergency flight operations (signified by entry

as a target type #1), the entire process must be repeated for each sur-

face (for a maximum of 5). Whenever the problem can be effectively

reduced to one of establishing the availability of the minimum clear

width (e.g., when a 9000 ft runway is beiiLg cut at the center to deny

Sa 6000 ft clear length), the minimum clear length should be set equal W

to the runway length to avoid going thr3ugh the lateral shift sequence

unnecessarily (11 times in the example).

It will be noted that hits may not be recorded when a target is A

very large and the CBU pattern so small, proportionately, that the
pattern can fall between grid points.

tThese are the default values; the user may specify a different
value.
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IV. SAMPLE PROBLEM

The layout of Base XYZ is shown in Fig. 4. This base consists of

a 150 ft X 8000 ft main runway, several taxiways, a parking ramp, eight

support facilities, and a housing area. To examine the effectiveness

of bombing attacks against this target complex with AIDA, one first

must describe the target elements and the attack in a common coordinate

system. Targets are defined by their westernmost corner, their size,

and their orientation; the attack heading and the desired mean point

of impact fix the attacks. For this illustration four medium bombers

will each drop 25 bombs in an effort to cut the runway at two points;

two others are targeted on the operations building near the main taxi-

way, and one will aim at the electronics shop. In addition, one

fighter-bomber is assigned to dive-bomb each of the main aircraft main-

tenance buildings, Bl and B2, and one will drop a stick of 5 CBUs on
the housing area.

4

INPUT

Figures 5a and 5b reproduce the card images needed to describe

this sample problem and to control four distinctly different assessments.

These assessments are lesignated as "cases" and illustrate the following:

Case 1. Hit statistics for all targets, using 5 trials.

Case 2. Detailed results of R single trial.

Case 3. Results using the expected-value mode, with a sample

1 !hit-density grid.

Case 4. Summary results of the runway attack, using 25 trials.

For clarity, the control (CONT) card, the target (TGT) cards, the weapon
(EMD) cards. and the attack (ATT and ATT2) cards are listed in order;

the ordering of cards for a given case is actually immaterial except

that the EMD card pairs and the ATT2 card pairs must be together. A

REDO card or an END card defines the end of the input data for a case.
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W A careful review of the various annotations in Figs. 5a and 5b

along with a reading of Appendix A, hopefully will lead to a full and A

rapid understanding of the various input requirements and optional

features provided by AIDA. As can be seen in Case 1, the first card

directs that the Monte Carlo mode be used and that a statistical sum-

mary of five replications of this attack be printed; no assessment of

runway availability is requested for this case. The specifications

for the targets are straightforward. The weapon data are somewhat more

complex; two cards are used in describing each weapon's effectiveness

against the 10 types of target (four cards would be required for 11

to 20 target types). The first card lists the EMD for 10 target types

and the second card lists weapon reliability and the optional effective-

ness descriptor (an alternate radius, or a pk). In this example weap-

V on type #1 has an effective (crater) radius against paved surfaces

(target types #1, #2, and #3) of 22 ft; against target types #4 and #5

a hit will be assessed if the impact is within 40 ft of these structures.

The fractional damage on these structures, given a hit, is to be based

n on a 50 ft effects radius for target type #4, and a 75 ft radius for

Starget type #5. The third weapon type is a CBU and the special input

t procedures are illustrated.

The 10 attacks are listed last. The first (and fourth through

tenth) attack uses the simpler ATT specification; the REP, DEP, disper-

sion, and stick length are given directly in feet, measured in thej ground plane. For the second and third attacks--the fighter-bombers

directed to attack the main maintenance hangars Bl and B2--these fac-

tors are to be computed, based on the aircraft's attack characteristics;

both will release their last bomb at a 5000 ft altitude in a 45 deg dive

at 450 kn with an intervalometer setting of 100 ms. Aiming accuracy and

dispersion in the plane normal to the trajectory are 30 mils and 5 mils,

respectively. For three of the attacks, t\io aircraft will attempt to

fly the identical path, so only one card is needed to describe each

pair.

The remaining eight cards are all that are needed to define and

control three additional cases. Case 2 simply calls for a single Monte

Carlo attack, but with full printout and with an examination of the
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availability of an undamaged 50 ft x 4000 ft section of either the

runway or main taxiway for aircraft operations.

Case 3 requests an estimate of the expected numbers of hits using

the expected-value mode; since this mode will not function for CBU-type

munitions, only the first nine attacks are retained (the housing area

targets for the tenth attack are also dropped). The target card that

is added in this case directs the additional computation of a 1600 ft
x 1600 ft hit-density grid, located as noted.

Case 4 focuses on the availability of a minimum surface for air-

craft operations. Only the runway and main taxiway are retained as

targets; however, all attacks are to be considered, since any crater

must be taken into account, whether it represents a hit on the intended

target, or collateral damage from some different attack. Twenty-five

attack trials are to be run with the Monte Carlo mode, repair require-

ments are to be assessed, and the trial-to-trial runway results are to

be printed along with the statistical summary for the 25 trials.

OUTPUT

The very first output (Fig. 6), presented even before the main

summary of the input data, lists the input/output for any trajectory

calculations that were required; in this case this was necessary for

attacks 2 and 3. The basic input listing follows; as will be noted,I the factors determined with the trajectory calculations are listed in

their normal location in this format. It will also be noted that the

F targets and the attacks were assigned numbers in the order in which

they were located in the input deck; the pairs of identical attacks

each were assigned two numbers.

The target damage statistics for five Monte Carlo replications of

the attack in Case I are shown in FiV. 7. The various annotations will

help to clarify the nature of the various statistics that are provided.

As can be noted in conjunction with the type #10 targets, "hits" are

not assessed with CBU weapons; the re3ults are in terms of coverage

and fractional kill (PK). Perhaps the most significant--and typical--

observation that might be drawm from these sample statistics is the

very substantial uncertainty that must be attached to any measures of

G, | I
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the "average level of damage": as can be seen, the standard deviation

is frequently as large, or larger, than the mean.

Case 2 called for a full printout of one trial, but with the input

data suppressed. These results are shown in Figs. 8 through 10. The

first results presented are the hit patterns on the runway (Fig. 8) and

main taxiway (Fig. 9) as well as statements as to their status. As will

be noted, all hits within an EMD of the target are included, since a

crater will affect the surface up to a distance equal to the crater

radius. In the case of the taxiway against which no attack was spe-

cifically planned, it is apparent that either an attack aimed at the

operations building or one of those aimed at buildings Bl or B2 was

wide and to the right of the aim point. A careful study of the target

hit summary (Fig. 10) indicates that it was one of the attacks on the

operations building, since the hits are with type #1 weapons. Us4 ng

the EMD of 40 ft for structural damage and a 75 ft radius for the con-

tents of type #5 buildings, the results show that this attack will de-

stroy an estimaced 15.7 percent of the structure and damage contents

on 57.5 percent of the floor space of the avionics maintenance facility
"A ~(B3); on the other hand, the AGE facility (B5), which is similarly

located with respect to the intended aim point near the operations build-

ing, was missed entirely as was the intended target. One of the main

aircraft maintenance hangers (B2) was hit. Other dive-bombing attacks

were both wide and to the right, placing bombs on the main parking ramp.

For the housing areas, there was no damage to the exposed targets in

the three areas in this particular trial. The actual hit locations

on building B2 and on the operating surfaces are shown at the bottom

of Fig. 10. Of the four targets for which hits were to be retained

(#6, #7, #11, and #13), cnly #7 was hit in this case.

Case 3 used the expected-value mode to provide estimates of the

expected numbers of hits and to compute a hit-density grid. The latter

is controlled by specifying a "type #21" target; as will be noted in

Fig. 11, the grid dimension is printed in the position normally reserved

for target angle. Any grids that have been specified are computed first

and the sample requested in this case is shown in Fig. 12; as will be

noted, the results are presented in terms of the expected numbers of

4 A
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hits per 10,000 sq ft, or, in effect, within the walls of a 100 x 100

ft building centered at the grid position.

Figure 13 presents the expected hits for the regular target array.

As a conparisoo will quickly indicace, the particular results for the

single trial in the second case are substantially different from the £

average result that is to be expected. Furthermore, as comparisons

with the statistical averages presented in Case 1 will confirm, a

rather large number of trials are required if one is to obtain reason- I
ably accurate estimates of a mean in problems of the sort examined here

using Monte L-?rlo techniques. It is for reasons such as this that it

was suggested earlier that the two modes can be used together benefi-

cially so as to more efficiently obtain both a reasonably good estimate 4

of the mean as well as useful evidence on the variability about that

mean.

Case 4 examines the availability of a minimum operating surface

for aircraft. Since this type of problem is rather complex and tends

to demand relatively large numbers of trials, it will often be prefer-

able to separate this examination from others, as we have here in Cases

1 and 4, to avoid unnecessarily processing data relating to attacks and

targets that are not of interest. For this reason all targets but the

two of interest have been dropped (see Fig. 14), and all attacks that

could not have any effect should also be dropped; for this case we re-

tained all the attacks, since none are extremely distant from both
surfaces.

The first result in Case 4 is the trial-by-trial record (top of

Fig. 15) of the total aumber of hits and minimum numbers of repairs

required for both of the targets; there is no entry only if there are

no hits. This record is especially aseful if one wishes tc examine

the distribution of attack results in more detail than can be done using

the overall statistical results ther-elves. The latter are presented at

the bottom of Fig. 15. As can be seen by comparing these results for

the taxiway with those in the previous case, even 25 trials is inadequate

to assure a reasonable estimate of the mean (which is actually nearly

twice that which has been obtained in this sample of 25 trials).



-33--

I
1%:j

k4V

x

CA (x0ta>c iC"7 -u- 71U au

V)~~~' U, 0 oIU -ciP

1~~t u. -or - , c UU IL
4~~ LA ". 4.N..

w ui ui U

re CL a
t. co. ( I

1.ty~



-34-

Z. I c o o cc
* * 4

4 * 4

4 : K* w*c L r ýV
.z t.ID'

.~ 00000 0000'304 U ý4 Ij1 4 VII 0 0 00000L

4 P;

4q 41 m4

*.o
04 4U 4 (3

4 4 Ln In I I

0*- a0 4 00C

o~U , r4
zr U: -C~

24 '4t.2r.
.c04 cc C' 11

(N 000 co 0
4C~2 4 4 .0 ~ o~ ,ooo oo

5' 41-4 44

SL: 
t..



75 MIT

-35-

-';

V4

.- 0 0

lo o

-I 33 --

c VI

4Z-

12 1

G, c ýt1 11 11:ol o c"11; 11 t ýt11:It lz " 1:n c 11 2 -0
. 0 ..-~~I -I 7 :77z :7;;Z



I -36-

Total computation time f or these four cases was just under 53 sec

on IJSAFE' s WWMCCS Honeywell 6060 computer. If not overlaid, 36K words

of core are required for AIDA as presently dimensioned, that is, for

250 targets, 50 attacks, 20 target types, and 10 weapon types.

X 4

Yp
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Appendi'i A

DETAILED DESCRIPTION OF AIDA INPUT

The basic types of input cards employed with AIDA are as noted

below:

CONT control card

TGT target card; one per target

ATT attack card; one per weapon delivery pass (or group of

A identical passes)

ATT2 alternate attack card

EMD effective miss distance card; one for each weapon type

REDO controls sequential cases

END terminates overall computation

The ATT2 card is actually two cards in sequence and the EMD card may

have up to three supplementary cards. A detailed description of the

entries for each type of card is presented on the pages that follow.

The general arrangement of data on all basic card types is similar;

the card type-name is placed (left-adjusted) in the first four columns

and the dqta are listed in eleven 6-column fields between Columns 7 and

72. All data are read with a F6.0 format; i.e., they are to be real

numbers. If a whole number is to be input, it may be entered (right-

adjusted) in the field without a decimal point; the decimal point is

necessary otherwise. Columns 5 and 6 on the ATT, ATT2, and EMD cards

are also used, as will be described, and the name of the target complex

being studied and a name for each target may be included in Columns 73

through 80 of the CONT and TGT cards, respectively; any alphanumeric

names are acceptable.

All linear dimensions should be in consistent units (e.g., feet)

and the target orientation and the attack heading entries should be in

degrees.

If ATT2 cards are to be used, all linear dimensions must be in
feet.

S,-- , ] I 1 I I-" | [ [ ....v



-38-

CONT

The CONT card controls the mode of operation, the choice of random

number generator, the number of trials (attack replications), and print- I
out options; specifies the minimum clear length (MCL) and minimum clear

width (MCW) for runway attack effectiveness calculations; and controls

the runway repair assessment.

Columns Data Entry

1-4 CONT

11-12 When 0, the seed for the random number generator is the

same for all runs. If greater than 0, the seed is changed

from run to run; if equal to -1, the random number generator

is locked out. If equal to -2, the expected-value mode of

operation replaces the Monte Carlo mode.

13-18 Desired number of replications. Default is 1.

23-24 Controls printout options as follows. If entry is
5 Prints multiple trial statistics plus a condensed

listing of hits by trial

4 Prints multiple trial statistics plus a condensed

listing of runway status by trial

3 Prints multiple trial statistics only

2 Above plus runway results for each trial

1 All above plus hit summary for each trial

0 All above plus stored hit data for each trial

-1 All above plus all hits and target corners

-2 All above plus all impact points

30 Controls printout of intermediate information for piogram

test purposes; should normally be 0. If set to greater

than 7, the random number generator is locked out. See the

program source listing for the effect of other values.

31-36 MCL for aircraft operations. (Used to test if the runways

are open.)

37-42 MCW for aircraft operations. (Used to test if the runways

are open.)

- 32,
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Columns Data Entry

48 When entry is 1, runway results will include the minimum

number of craters to be repaired for the runway to meet

the MCL and MCW criteria.

S54 When the entry is 1, a plot of all impact points will be

included for all closed runways (if, also, the printout

etr in Columns 23 and 24 is less than 3); when

the entry is 2, impact plots are provided for each runway
Z whether or not it is closed.

55-60 The distance that the "minimum runway rectangle" is to be

shifted laterally in checking for an adequate section; the

default value is 5.

61-66 The distance along the runway that the minimum runway

rectangle is to be shifted in checking for an adequate

section; the default value is 250.

73-80 A name can be entered here for the entire target complex

and it will appear in the heading of the output listing.

H
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TGT

Each TGT card designates the location, size, and orientation of

a rectangular target.

Columns Data Entry

1-3 TGT

7-12 The X-coordinate of the westernmost corner of the target.

13-18 The Y-coordinate of the westernmost corner of the target.

If a target boundary runs exactly north-south, the X and

Y coordinates of the southwestern corner should be specified.

19-24 Target dimension along the boundary rinning northeast (or

north) from the X and Y coordinates of the reference corner

specified in the two previous fields.

25-30 Target dimension along the boundary running southeast (or

east) from the reference corner.

31-36 Heading in degrees of the northeast (or north) heading

boundary of the target (along the dimension specified in

Columns 19 to 24). (Meaning varies for target type #21;

see below.)

41-42 Target type. Targets may be grouped into up to 10 (or

20) different categories with like vulnerabilities. This

entry is used in conjunction with the effective miss dis-

tance on the EMD card. Target type #1 is restricted to
runways and taxiways that may be used for flight operations;

there will be no more than 5 targets of this type. Enter-

ing a 21 for target type actually acts as a signal (but

only in conjunction with the expected-value mode) directing

that a 17 x 17 grid of hit-density values be tabulated overI
a square, the southwest corner of which is entered in

Columns 7 to 12 and 13 to 18. In this case, entries in

.. the third, fourth, and seventh fields have no meaning.

Unless a diffetent value is entered in Columns 31 to 36

(preferably a number divisible by 16), the default dimen-

sion of the square is 4000, for a grid increment of 250.
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Columns Data Entry f
There may be one or ,rre target type #21 cards, and they

may be intermingled -.th normal target cards; however, when

present, one of the type, #21 cards mst be the last target

card entered for a case.

48 If greater than 0, all hit locations will be saved (and

printed when entry in Column 24 of the CONT card is 0 or

less).

73-80 A name or number for the target (any alphanumeric) may be

entered here. This name as well as the sequence number

that is assigned automatically will appear for target

identification in the output listing.

.....
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ATT

The ATT card specifies the parameters of each weapon-delivery

pass. Inputs required are the attack heading (measured from north in

the coordinate system used to specify the targets), the desired mean

point of impact (DMPI) for a single weapon or for the middle of a stick

of weapons, the aiming error expressed as REP and DEP, the ballistic

error of the individual weapons, the number of weapons to be delivered

in the pass, the stick length, and the weapon type (related to the ef-

fective miss distance on the E]iD card).

Columns Data Entry

1-3 ATT

5-6 Total number of passes with the following characteristics;

default = 1.

10-12 Attack heading in degrees from north.

13-18 The X-coordinate of. the DMPI of a sirgle weapon or the

middle of a stick of weapons.

19-24 The Y-coordinate of the DMPI as above.

25-30 The REP.

31-36 The DEP.

37-42 Ballistic dispersion in range of individual weapons (R-DISP).

43-48 Ballistic dispersion in deflection of individual weapons

(D-DISP). Default value is R-DISP.
49-54 The number of weapons in the stick.

55-60 The length of the stick (the distance between the first and

last weapon of the stick in the absence of dispersion).

61-66 The weapon type (used in effectiveness calculations together

with EMD and target type). An entry is required (an integer

J from 1 to 10); otherwise hits will not be recorded.

67-72 Probability of arrival at target; default = 1.0.

4
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AT 12

o The ATT2 card should be used in place of the ATT card when the user

wishes assistance with trajectory calculations. When this card is used

the user expresses the attack in terms of speed, altitude, dive angle,

Pi intervalometer settings, etc., and a special subroutine converts these

inputs to those demanded on the ATT card. The conversion procedure is

the JMEM/AS Open End Method Zero as outlined in the Users Manual for

JMEM/AS Open-End Methods, WANG Labs., Inc., Tewksbury, Mass., August 1974.

Both ATT and ATT2 type cards may be used in the same run; the order

*, of entry is of no importance. When ATT2 cards are used the input data

Swill be reproduced as submitted, as well as being tabulated in the nor-

mal manner, after conversion.

Data input with the ATT2 procedure require two cards. The first

card is labeled ATT2 in the first 4 columns and has input similar to

that on an ATT card (all fields are read with a F6.0 format); a second

unlabeled card is mandatory following each ATT2 card. The format for

both cards follows. When these cards are used, all linear dimensions

in the input data will be in feet.

Columns Data EntrY

I-i' ATT2

5-6 Total number of passes with the following characteristics;

default = 1.

10-12 Attack heading in degrees from north.

13-18 The X-coordinate of the of epof a sngle weapon or the

middle of a stick of weapons.ot

19-24 The Y-coordinate of the DMPI as above.

25-30 The CEP in the normal plane in mils, or, if DEP is specified,

a constant which, when divided by the sin of the impact

angle, gives the REP, in mils.

31-36 The DEP in mils (if omitted, CEP controls).

37-42 Ballistic dispersion in mils.

S49-54 The number of weapons in the stick.

61-66 The weapon type.

67-72 Probability of arrival at target; default 1=0.
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The data format for the second card of each ATT2 pair is as noted

below (this card is used with a 6F6.0, 3F6.3 format). Typical ballis-

tic data required for thi card are noted in Table A-1.

Columns Data Entry

7-12 Aircraft velocity (kn).

13-18 Release altitude of last bomb (ft).

19-24 Dive angle at release (deg).

25-30 Terminal velocity of weapon (cluster) or first leg of a

high-drag bomb (ft/sec) (VTl in JMEM).

31-36 Terminal velocity of a cluster bomblet or a high-drag bomb

(ft/sec) (VT2 in JMEM).

37-42 ProbabJe error in estimating and correcting for wind ef-

fects (ft/sec).

43-48 Cluster opening time or fin opening time for a high-drag

bomb (ms), or cluster/fin opening altitude (ft). (A decimal

point is mandatory when altitude is input.) (TD or Hf in
f

JMEM.)

49-54 Intervalometer setting (ms).

55-60 Dispensor intervalometer setting (ms) (0 for clusters).

Illustrative values are noted on Table A-1.

Q.M

U44
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Table A-I

TYPICAL BALLISTIC PARAMETERS

Ballistic Parameter

VT VT2
Weapon (fps) (fps) TD or H0

Mk-81 Mod 1 1850 0 0

Mk-81 SE 1100 208 300 ms

Mk-82 Mod 1 1900 0 0

Mk-82 SE 1200 240 350 ms

Mk-83 2500 0 0

Mk-84 2850 0 0

M-117 Unretarded 1950 0 0

M-117 Retarded 900 168 300 ms

M-118 2450 0 0

AN-M64AI 1600 0 0

AN-M65A1 2000 0 0

Mk-36 DST 1200 240 330 ns

CBU-38 650 0 0

CBU-52B/B 1000 230 Variable Altitude (ft)

CBU-58/B 950 215 Variable Altitude (ft)

SOURCE: Users Manual for JMEM/AS Open-End Methods,
WANG Labs., Inc., Tewksbury, Mass., August 1974.

A2
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ENDp:

The END card is optional and provides information regarding weapon

performance against the various types of targets. The entries for this

card are different for point-impact weapons and for CBU-type munitions.

For point-impact weapons, a hit is assessed for aniy impact within a

distance of EMD from the target. For CBU munitions, the EMD card is

used to specify the dimensions of the rectangular bomblet pattern.

The methods for expressing weapon coverage also differ for the two

* types of munitions. For point-impact weapons the ENM is also used as

the weapon kill radius, and coverage is determined as that fraction of

the target area chat is covered by a circle of that radius.

For point-i.mpact weapons (GP bombs or PGMs) the entries are:

Columns Data Eatry

1-3 EMD

5 Enter 1 if data are to be entered for 20 target types.

6 Enter 1 if data on weapon reliability, Pk' or effective

kill radius for this weapon type, are to be entered (on
the following card).

11-12 Weapon type (used in conjunction witn Columns 61 to 66 on

ATT card).S13-18 EMD for point-impact weapons versus target type #1.

19-24 EMD versus target type #2.

67-72 ED versus target type #10.

If the weapons are CBU-type munitions, use the following entries

on the EMD card.

SColumns Data Entry

1-3 EMD

5 Enter I if data are to be entered for 20 target types.

WI.en more than A0 target types are involved, the EMD data and, if

specified, the supplemental coverage data (see p. 48), f..• target types
#11 through #20 are entered in ten 6-column fields from Columns 13 to
72 on cards that immediately follow the EMD card (and supplementary card).
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SColumns Data Entry

6 Enter 1 if data on weapon reliability and/or on kill prob-

abilities are to be entered for any target type on the fol-

lowing card.

11-12 Weapon type (used in conjunction with Columns 61 to 66 on

ATT card).

13-18 Enter CBU pattern length as a negative entry.

19-24 Enter CBU pattern width as a positive entry.

4

All

.¢i

ii

I

'4
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SUPPLEMENTAL CARD FOR WEAPON RELIABILITY AND COVERAGE FACTORS

If a 1 is entered in Column 6 of an EMD card, a supplemental card

must be included next with the weapon reliability and a set of entries

for the several target types. Note that this card is not identified,

but one must follow each EMD card that has an entry in Column 6. If

a I is entered in Column 5 of an EMD card, as well as in Column 6, a

second supplementary card is required for target types #11 through #20;

this card is the fourth of four.

All entries on these cards are optional; the default value for

reliability is 1.0. If an entry is made in any of the lact 10 (20)

fields and it is not greater than unity, it is taken as the user esti-

mate of the Pk for that particular weapon-target combination for either

point-impact weapons or CBU munitions. For point-impact weapons, an

entry that exceeds unity is taken as an additional kill radius and

another coverage fraction is determined as that fraction of the target

area that is covered by a circle of that radius, given a hit within EMD

of the target. Thus, when there are entries on the supplemental card

for certain target types, coverage fractions are computed buth for the

corresponding value of ENM as well as for the value on the supplemental

card.

Columns Data Entry

7-12 Reliability of this weapon type; default 1.0.
t

13-18 Pk or kill radius for this weapon versus target type #1.
19-24 ~ kor kill radius for this weapon versus target type #2.

67-72 Pk of this type weapon versus target type #10.

Entries for target types #11 through #20 on a second supplemental

card will be in the ten 6-column fields between Column 13 and Column 72.

S'nce these entries are read with an F6.0 format, the decimal
point rust be included.

4Only for point-impact weapons.

''•%•'•' • ' -- ' , , • . i i I I, I I•
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REDO

The REDO card is used to terminate the input for one case and

initiate a new case with some or all of the previous inputs, as de-

scribed earlier.

Columns Data Entry

1-4 REDO

"7-12 Number of prior targets to be retained. All will be re-

tained if there is no entry. Use a negative entry if none

are to be retained.

13-18 Number of prior attacks to be retained. All will be re-

tained if there is no entry. Use a negative entry if none

are to be retained.

19-24 An entry of unity suppresses the input listings for targets

and/or for attacks and weapons if no changes have been made

in these data sets from the prior case.
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END

An END card must be included at the end of all data entry cards.

Columns Data Entry

11-3 END

|4

II
-
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Appendix B

GLOSSARY OF TERMS USED IN AIDA

KEY VARIABLES

INL Distance along the runway the "minimum runway rectangle"

is shifted.

INW Lateral distance the minimum runway rectangle is shifted

in checking for an adequate section.

ITRIAL Number of the current trial.

KCBU Switch; set to unity if any weapons are CBUs.

UKTI Switch; set to unity if any weapons are the point-impact

type.

KTEST Index controlling variety of debugging printout options.

LIST Switch; when set to unity, target and/or attack input lists

are suppressed when unchange&.

MCL Minimum adequate length for required runway.

1MCR Switch; set to unity when runway availability is to be

• checked.

MCW Minimum adequate width for required runway.

MODE Index controlling mode of operation (see pp. 9 and 38).

MTT Largest target type number in the target array.

NA Total number of weapon-delivery passes.

ENM Maximum permissible number of weapon-delivery passes.

ND Number of types of-weapons in overall attack.

NHITD Switch; set to unity when the expected-value mode is
specified.

NJMEM Number of weapon-delivery passes that required trajectory

K calculations.
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NPLOT Switch; set to 1 or 2 if runway impact plots are desired.

NPRINT Index controlling results output (see pp. 9 and 38).

NREDO Switch; set to unity if an additional case is specified.

NREP Switch; set to unity when repair requirements are to be

assessed.

NSAVE1 Number of targets to be retained for a subsequent case.

NSAVE2 Number of weapon-delivery passes to be retained for a sub-

sequent case.

NST Maximum number of targets for which hits can be stored.

NSTAT Cumulative number of trials in which the minimum runway

was available.

NT Total number of targets.

1'TM Maximum permissible number of targets.

NTRIAL Total number of trials specified.

4 ! S
I

-z



-, - - f -- s- - -

-53-

KEY ARRAYS

AMD(I,J,K) Weapon effectiveness data.

I Weapon type.

J Target type.

K = 1 Effective miss distance.

2 Effective damage radius or probability of kill.

ATT(I,J) Strong array for weapon-delivery data.

I Weapon-delivery pass number; numbered internally in

order of entry.

J = 1 Heading (deg).

2 X coordinate of desired mean point of impact.

S3 Y coordinate of DMPI.

4 Range error probable of DMPI.

5 Deflection error probable of DMPI.

6 Dispersion in range (ground plane).

7 Number of weapons released in pass.

8 Length of stick (in ground plane).

S9 Weapon type.

10 Dispersion in deflection.

11 Probability attacker arrives at target.

CBUHT(J,K). Impact coordinates of the centroid of the Jth CBU

pattern.

K = 1 X coordinate.

2 Y coordinate.

COV(L) Fraction of target L covered by one or more CBU patterns.

Auk
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HIT(lJK) Storage array for hit locations on specified targets.

I Ith of those targets for which hit data are to be

stored.

J =1 X coordinate.

2 Y coordinate.

3 Weapon type.

K Number of hit on the Ith target.

HITR(I,J,K) Storage array for hit locations on type #1 targets

(i.e., runways and taxiways).

I,J,K See HIT(I,J,K).

IR(N) Switch; set to unity if the Nth weapon-delivery attacker

fails to reach target.

IZONE(K,J) Denotes which of the ordered targets (see TO) fall in

the Kth target zone.

J = 1 Lowest numbered target in the Kth zone.

2 Highest numbered target in the Kth zone.

MHIT(K) Target number of the Kth target for which hit location

data are to be stored.

MSTAT(J) Storage array for accumulating trial results of runway

availability tests.

J 1 Minimum number of repairs required to open a minimum

runway.

2 Square of J = 1, above.

3-8 Not used.

MTYPE(1) Index that specifies whether or not supplemeutary data

are to follow the EMD card for weapon type I.

NCBU(L) Number of CBU weapon patterns that cover all or part

of target L.
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>1!
NHIT(L) Number of hits on target L; by both point-impact and

CBU weapons.

NRW(I) Target number of the Ith runway entered.

P(L,K)

K 1 Expected fraction of target L that is covered by the

effects of point-impact weapons; or probability of

kill of target L due to point-impact weapons.

2 Probability of kill of target L due to CBU weapon

patterns.

STAT(L,J) Storage array for accumulating trial results.

L Target number.

J 1 Number of hits by point-impact weapons.

2 Square of J =1, above.

3 Trials with at least one hit.

4 Fractional coverage by CBU weapons.

5 Square of J = 4, above.

S6 Expected fractional coverage by point-impact weapon;

or probability of kill.

7 Probability of kill by CBU-type weapons.

6 8 Unused.

STAT2(I,J) Storage array for accumulating trial results for targets

of a given type.

I Target type.

J 1 Fraction of the targets of type I that received at

least one hit.

2 Square of J 1, above.

TGT(L,J) Storage array for target data.

1;4
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L Target number; numbered internally in order of entry. "

J 1 X coordinate of westernmost corner (#I).

2 Y coordinate of corner 01.

3 X coordinate of corner #2.

4 Y coordinate of corner #2.

5 X coordinate of corner #3.

6 Y coordinate of corner #3.

7 X coordinate of corner A.

8 Y coordinate of corner #4.

9 Heading of northeast target leg.

10 Target type,

11 Switch; hits -stored when reset to unity.

12 Dimension of NE target leg.

13 Dir'.nsion of SE target leg.

TO(IJ) Target oider array in which targets are ordered accord-

iP to increasing values of the sum of the coordinates

of the western corner.

Y Ith target in the ordered array.

J 1 Value ot (X+Y) for the Ith ordered target.

2 Number of the target as Initially entered.

WPNREL(I) Reliability of weapon tyPe I.

I..
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Appendix C

PROGRAM LISTING

1: C IP;t14-1A Al R.A~'44 1- ASSESS4IENT *4fl)zL ozo2

e.~ ~ CY'"/ý"TeTI IL. ITI&'tI. .STL-T,STST(250.81,STAT2(2O,5) ,45TAT (8I
7. 'OMOVN f~2'%JTqL/
8. Cý0144j'l I HIT"% /' 4VTO. NR"'

CCf4%11N JCBUHlTI C114'J14Y1200,1I, UIS-I53j KC'R'JI KPTI
10. MT z0

j* r.*a** ýJTAA IS TH-- -1AX;It1jv NUPI8:' :F 'ARZETS
%2 0) AQYS: TCT, '.0P NHIT. Pr :JVt '4A', 04CBU9 STAT

13. '4T4 = Z%0
It.. L 4%0 I TM-: 'JAXI"UJ" 111JR0 .*F ATTACKS5

I C %R-- AYS! AT-, Ik

17. C -*'i.w'4NT Ir!, 1,11'497q (f TAQr~cTS rn Hl4CliHITS17 CAN "~ ST2-Fil.
18. C u . Ay S,: HIT7, v.417

110. N~ST v 7
Z0. C '%-at % C'4LNGE A!,,y 3r T14F PR-E^1J'C- )Ik,%SICrt4S* MAKE THE APPA')PRIATE-
i1. 1,0io C1,A`43FS IN T'4C !RWAYS A81T) HEN C.,ANGc T&4A LIMITING VALUE.
22. PIA =0
?3. 10 = 0
24. -C

25. 1Tc I.StL

27. * iL
29. D0 5 1 .L
29. "Typ--1I 01.
30. ..PJq'L(1 1.

(05 j is0

32. 5 r 5 K , I'(j I

34. in M7111.L 0
35. 0012 1 1. 5
36. 12 'IRW(I) z0
37. CALL 1NPt)T
3R. IF 1..IITr .51. 1) 1Z. Tf 40

*39. IF IPITZ1AL *LT. 2) GZ TC 25
40. 'NSTAT 0
41. M0 15 1 X ,%T

43. 15 STATC19%1) v 3.0
44. 00 23) v = L.21)
4.5. DO 20 % c 105
46. 20 STAT2(m',4~1 0.3

48. 30 "MITM? = 0
44. 40 COtNTINiJF
50. DO 45 11 log
51. 45 OSTATI%) 0
52. CALL TGTDI'4
53. !F o'fIf)1~. 11) GO TC 60
54. IF ITG7(P:Ttll) A-Q. 21.1 CALL GAIDE'1
55. n0 50 1 a INT
St. COVI) 2 0.0
57. P11,1) 2 0.0
5f. P(102) * 0.0
59. 50 P11#31 20.0
60. CALL W1P4IT
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61. GO T" 200
62. 40 IF fKPTI ."Q. 0) 'u lu
63.* CALL TfTrPKl
64. CALL TGr: rý,
6!. 100 CONTINUS
66'. ITRI&L - IT;IAL * I

6e. r-3 105 12 1.3
69. PO 115 13 a 1. 25
70. 105 14IT(1I1,2o13i= 0..)

71. "a 110 ITwI %T

7?. COMVIU 0.0
73. P(1,1) c 0.0
74. Pf1,)) x 0.0
75. PII,93) 2 0.0
?f . '4C0'If 1) a 0
77. 110 4~H1T1I330

U. Do 115 1 1, 5

79. ri0 Pii 12 w1. 3
90. '10 11's 13 a1, 250
al1. 115 HtTkt.1I112#131 J .0

82. CALL 8014H
83. IF (OCC9Rj .-- 9 11 CIII LBU
84. IF (%4C; E~Q. 0) rn ri 130

S!n. (,AtL C~rCit-
at. 130 CONTIMIf
0?. IF ('4TPIAL -LT. ?I Gr' TO 110

BE. D0 140 1 u 1, 45T
89. AIC a 'NHIT(I) - WCIMUI)

90. STATINI, a STM1,11 + AIJ

91. STATE 1.21 z STAT(*.Z) t olV)*Ail
9?. IF I All) rT 0.0) SrAT(1,3) S TATIIt?) 1.

93. STAT(I.4) a STATl1,4) * C.CVII)
94. STATI1,5) a STAT(1,5 + COVII),CIV(I)
95. STATfI,61 !7;r.6 + P(vI4)
9k%. STATII,7) *S1'ATI197) + Pils21
97. STAT(tS) : STATIlt8i + P(194)

98. 140 C 004'rIMJ)
99. no 16~0 M*1,20

100. PN a0
101. W

102. AIDI, - 0.0
10?. A103 z 13.0
104. Al t14w 0.0
105. AIDS a 0.0
101. DO 150 1 3191T

107. IF ITGT(IT,1) .W. %I) CC TO 153

We*4N NJN=#+ I
109y. W~O 4 ~HIT1II - WOCUI I)
110. AREA 3TGT1I,.2)*TC0T1I,13)
Ill. '.D10 A!CI + bA%

112. £103 A103 + A2zhvP(1I,)
113. A1D4 4 ID'.4 + I-ATMI,Z)
114. AICS AID +15 AqD"P1Iv3I
115. IF INAID tOT. 0) Mv 9 P"~ 1
116. 150 Cfl'T I MJ E
117. IF 111f: fQO. 0) GO TO 160

Ile* All' NN
LIS. STA z '4'4AM'
120. STDT21001) xSTITZI'4,1) 4 STA
121. STAT204#Z) - STATI(",2) * STAefTA
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i2.STt T 2',,3) ST AT?( %,3 1 + A1V)3/ AI011
123. 7T1.'2m.41 IZTTr2(M.4) + ý104/&IrCl
12.TAT2(0,5) ýTýT?('4.51 * .'1Oq/Alrt

Ii'S. 60 CON?-rI ýd$!
126. 17T) CZ0tT " NF
127. IF 1"P;rTI!T I1" II G- Tr' 180
12%9. CALL Pv !NT

ic N~ (P '1.: 7 * .53 G'1 10 ViO
131. pr !95 L I N

134. 'F ( TF!T AL . .L i. "!V.I L) ý;C T7 130
135~. IF f~'; I ..;T. 13 CALL STATIS
136. "Jo IF 0!9''uH' .-C). 1) GO TE lU
137.STP
138. 1001 Ff)LmU.T(I 'v'T*IAt',IW, TGT',14,l H-ITS',14)
!39. N
140. &UHr 'M I NE [%PUT
14). !N'TtcK~r'k~4 L,18FL, AN, NiAEl, ?:'14C, NAmro N434S':, IIBAS5!2
142. C0O-W1N /*.lVAY;/ TGT(250,13)o ATT(5J9113,tM')(l0v20,2),' T0(251,21V

144. x ,p( 250, 3)CJV (2501,4 TYPE( 13), 9.ME (25O,ý ) v.WPN4tL 110) NCBU( 2501
145. CC" %IlT'j*4 :) T4K S MCR 4W.'CL , )*)L NPPRINT vNAM, NSTo *T T

147. CO0mvi-ti /CtV*TiL/ 'iFPP,N:LZTI"!Wv 1"11.9NSILV!1 9SAVE 2 9LIST oNJME14

140. CcW4CN f Hi!T'N / W11HIT, NIE00O

151. PATA LABEL /'TGT *','ATT lt'ATT29'-z %40 1 ,'C'!'4t R EDj'/
152. N~j'4P- 0
153. LleTI % C
154. 11574 = 0
155. IF (NAc')O .E,). 1) '1H ITF - 0
156. IF Vv Q-: 0 E-). 31 rO TO 2

)157. C 3F-E '%TE AT LAiilEL @145

158. IF ( NSAVE I rT. 'ii NT = JSAV'1
1 c; IF VISAVEZ 2*rT. 0) NA = 1SAV[2
iEW). IF ('JSAVEl L1T. 03 NT = 0
161. IF (NSAVF2 .L'- 0) NA =0
162. IF (NIStVEl . ýi . 0) LISTI.z LIST
16--. 1F PSA VL2 . 1.). 0) LIS12 =LI-ST

.1161,. 0NSAd'11 0

16f. 2 CONT! NtJý-
L67. IRFY': =0
168. 6 r-EAD (5,101 ) A14, 51TYPEr OATAU)v -121,111, NAMEINAM'E2
1619. C NO) EN-TkY IS RdetJIDELU IN CCLJMNSý5 ANO 16. IF AN INTEGeR IS FOUND
170. C. ON AN ATrtCK CAPro, Tslý ATTACK.W!LL Bc RF*EATEO S-3 THAT THEQE WILL

17. c Br: THAT TOTAL *4L)%AEI% O)F ATTACKS WITH THE STAiTED CHARACTER ISTtCS.
07 2. C IrJNE ATTACK 15 ASSUNEC' IF THE IkE' IS NO EN T PY. )
P 3 . C IF AN ENTR.Y IS t4)TED IN AN~ AMD CARD, RELIABILITY AND/OR PROBABILITY
174. c CiF KILL nATA i4LL izB EXPECTEDO N*:THS NEXT CARD.
175. IF (AN .20. LABELMl)) GO TO3 10,
l1f. IF (AN .Q. LASELt2)) GO TO) 20

1~.IF (AN .=Q. LAMM(3 I GO T) 26
17,q. .IF..--(AN .EQ.; LABEL.(4)3 1 Go TO 30
1790 IF (AN .EQ. LABFL(5)) GO Tlf 40
180. IF (AN .EQ. LAR2L(611 GO TO 45-

181. GO TO 50
182. 10 NT =NT + I
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183.LISTI a
IP4. IF I'4T .".7. 'J'4) CC 

TL. 12')
185. 1!0 12 1 a 1,?
136. 12 TGT INT01 ='.'T.% (1)
187. q0O Ll I a 3.4
let. 13 TGTr*4T,14,9) s 0ATA(I I
169. PO 1'4 1 z 5,7
190. 1& TGTt%%I 1 +41 s DTA (!1)
L91. NAMEVItil ft*~i-
192. tAMEINT9Z)a
193. GO T - 6
V4. 20 N4a NA * I
195. LIST2 - 0
196. IF I NA .GT. N4~14 f) 15 L33
191. rkO 22 1 a 1,6
198. 22 ATT(edAI; m * II
19qp. ATWIIA910) - UA

TAM7
200. IF (nAT447) .40. 0.0) ITTM44,lO) 3&TTIN4At6)

?01. IF (-,TA(I11 H.). 0.1 viaATA11) *1.0

203. !10 2'1 1 9
204. 24 ATT114A,1) *)r(I

205. NTYPI m ?ShX0JINTYPL.-lI,G)
206. IF INTYVS rCQ. Ot ric Tc 6

2073 G43 T3 20
205. 2t% P#A IA'
209. LISTZ a 0
210. IF I NA .07. -Wt) GO IT ISO
211. IF (DATICIll IE3 0.0) DATA(LI) 1.0
212. CALL J4-'%0IJ'%E~ OAT Al
213. 00 27 1 loll1
214. 2? A7TTIAI' * ATAIII
215. 28 %TYOc z %X0ht'iTY0-:-l),0I
216. IF (14TY-P *EQ. 01 GIZ TO 6
217. NA :tA + I
218. 'm 29 1 ot 1.11
21v.. 29 ATYMtA91) * TtI~)I
Z2C. GO Tn zst
M2. 10 40 - NP 1
22?. LIST? = 0
223. 1ATAI
224. IF (" GTo 13)) 00 TO 140
225. 14TYPIt'#4) u ?TYPS
226. n0 41 14 2,11
227o 31 a~(.411 * 3ATA141
228. IF (IITYPE *Pq. 0) Cft. (NTYPE *fg. 10)) GO TO 34

230. w9NVI-'11) u W2~
23i. IF (Wk EQ0. .3.0) WPt4*FL(n)1 x 1.0
232. 90 3? '2 3 1,10
233. 32 ANO40(kN21 34T&AINI

234. 44 CONTINUEf
235. r, THN- FOLLOW14G 8 STATC-KI'TS PEP441T 20 TAqGET TybES WHEK, NEEOED
236. 1$- '4T'V0 .LT. 101 GO To 6
237. REMA (5I1414 (OATA4CI),f a 1.111
238. 10 36 N 11020
239. 36 AHD('4vN,1) * 'ATAtN-91
240. IF tf4.V9f *LT. 11) GO TO 6
241. READI5*1141 (DATACII. 1 *19111
24. 00 33 N a11,20
243, 38 PDhDIN,8"2) S ATAe'J-91



244. GO T 6
245. 40 1f~~Al
246. IF (4'J~t.EF0.) CAIL OSTAPT(7)
247. NTkIAL -ý VATA C?
248. NPRI 14T = NTAM3
249. ;(TEST = O)AT4(4)
250. IF (NTPILL .LT. 2) NTRIAL I

151. mCR= 0
252. NHITr) =0

255. IF AT()G.00 R=1
2-ý6. MCI. =(ATA(5)
257. MLCW = ATA(6)
25P. NREP = ')ATA17)
259. NPLOT= I)ATA(l3)
260. INW = DATA(9)
261. INL = VATA(1O)
262. IF ( IrNW .EQ. 0) INJW =5
263. Ir (l'NL .EQ. 0) INI 250
264. NBASl N4M1
2(~ P1B 4S 2 = NA'472
266. GOl TO 6
?67. 45 NR ED"

272 C UMRZ B LRGE T~N T4ENJmSEP AVAILABLE. IF NC NUM13ER 1S

(EG -) NOEf TEPRIOR MEM8t:S

276.NSA~l =DATA(I)

27. c IFTETIDr)OY('24 IS SET TO UNITY, THE TARGET LIST
I NC H TAKWAO ISTS W'ILL BE SUPDRESS) IF

280.BSE .20 0HEY GOAV TOT BrN HN

287. 50 CONTINUT CvIE CtI~

285. IF i(NISEI .El). 0)AD NAS2.0 1 GO TC 5qi

j289. WRITE: (6v102)

290. MTT GO TO

091. IF 60PN 1MP = ATTNT9
292. IF ('D(ATlt(I9)1,) G GT .YI AN.( 90) NET. 21.))

303. 6 WRT-(,1),(ATT(I,J),J=1,6),ATGT(I,1O),JATTIJh=7,9

304. X) 70 1~I = ,)4
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305. IF ("10 .F3. Oi GC TO 15

306. WRITE (6,105) (It 1=1,9!)
307. 00 90 I = 1 , MWPM

308. WRITE(6,106) It WPNREI.(I)t(AMD(ItJtl),J=1,IO))

309. IF ((MTYPE(I) .EQ. 0) .OF. (MTYPE(I) .EO. 101) GO TO 80
310. WRITE (6,107) (AMD(I,J,2), J = 1,10) 'I
311. 80 CONTINUE
312. IF (kTYqt(I) .LT. 10) GC TO 90
313. WRITE(6,119) (!kmD(ItJ,|)t J=11020)
314. IF (%TYPE(I; .E4. 10) C-0 TO 90
315. WRITF16,107) (AMD(IJ9)2 , J=11,20)

316. 90 CONTINUi
317. 95 CONTINUE

318. C TARGET TYrE Tl IS RESORVEC POP RUIWAYS AND TAXIWAYS (dR OTHER
319. C LARGE TARGETS IF MC'1=OI AND HIT STORAGE IS PROVIDEr FOR 250 HITS
320. r RUT FOR A MAXIMUM OF PYVF TAPGETS Oc TYPE 01.

i321. NTX = 0

322. n~O 99 I = I. 14T

323. IF (TrT((1,10) NE. 1.) Gý TO 99
324. NTX = NTX + I

325. IF (NJTX GT. 51 GO Tn 150
326. NRW(NTX) I
327. 99 CONTINUS
328. RETURN
329. 120 WRITF (6,108)

330. STOP
331. 130 WRITE (6,1109)
332. STOP
333. 140 WRITE (69110)

334. STOP
335. 150 WRITF (6,116)
336. STCP
337. 100 FORMAT(' *,15X,'**•** BASE COMPLEX NAME - ',2A4,' 9 ***',/,/)
338. 101 FOFMAT( h4,I2,11F6.0,2At)
339. 102 FORMAT (' ', 20Xt'TARGET DATA',/,' NUMBER X-DIM Y-DIM
340. X NE LIMB SE LIMB ANGLE TGT TYPE STORE BLDG NO',/,9/
341. 103 FORMAT($ ,14,2XIOFlO.O,FIO.3)
342. 104 FORmAT(I ',/, 20X,'ATTACK DATA',/,' NUMBER HOG X-DMPI
343. X Y-')MPI REP CEP R-DISP D-OISP NO WPNS LENG
344. XTH WPN TYPE ARPiVAL',//)

345. 105 FOMAT(OI', 35X,*MISS DISTANCES ALLOWED FOR EFFECTIVE HITS',/,
346. X5OX,'TAPGET TYPES',/,20Xl0(6X,I,22X),/,' WPN TYPE WPN REL t',
347. X/,/,/)

348., 106 FOPMAT(' ',16v7X,F5.3,1OF!0.O)
349. 107 FORMAT(0 ', 21X,10FIO.3)
350. 108 FORMAT(' *,/,9**k** TOO MANY TARGETS HAVE BEEN SPECIFIED ***')

351. 109 FORMAT(' 0,,l****= TCO MANY ATTACKS HAVE BEEN SPECIFIED ****')

352. 110 FORMATI' , TCO MANY TYPES OF WEAPONS HAVE BEEN ,
353. X 'SPECIFIED s****f)
354. 111 FORMAT ('1', 130('*'),/,
355. X 40X,'*****AIOA**** AN AIPBASE DAMAGE ASSESSMENT MODEL11/9

356. X 40X,'DEVELOPED BY THE RAMSTEIN OFFICE OF THE RANC CORPORATION',/
357. X t130('*'),I,' NO OF TRIALS ', 13,' NPRINT ',120' MODE ',12t
358. X ' MCL ',16,0(',14,') MCW 'v140'(', 12,') MIN REPAIR 's
359. X I1,' PLOT HITS '0I1,' TEST '1v2,q,13O('*3),/,/)
3601 112 FORMAT (' 4, 14,4X,7FlO.0,2X,2A4)
s61. 114 FORMAT ( 6,tIIF6.0)
362. 115 FORMAT 0' #,18X, IOFlO.O)
363. 116 FOPMAT (I' *,/,'*** TOC MANY RUNWAYS/TAXIWAYS HAVE BEEN*,
364. X ' SPECIFIED ***'o)
365. END
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36.KP2O3;O(5),ATP(O:kA(5,2WNE(0,CU2O

366. SUBROUTINE TGTDIM
367. COtM'WN /ARRAYS/ TGT(250,131, ATT(50,11),AMD(10,ZO,2), TO(250,2)v
366. XIZON(50v2),NHIT(?5o),s4H1;o(2U)tHIT(20,3,25),NFW(5),H1TR(593,250)

370. COMMO /(I,3T/NT 9 1 NA t NOINLM L TEST* CtMCW9MLvODINPINTtA49NSMT
Ja" ~ ~ ~ ~ b. G (1M,4)/ STGT/TIA T IA9NTT9ST (, 2)0 9 8),SLAC29 1,MS (8

3872. TGTM) (/5 HTGT /1 3)TU 4 LLC

373. IGT (1,6)N L TGT 01) WRT (62 04it $ ~376. TG TT (1,) G ( )- 1
390. TG TT f 1R * T1T (1,6 C
371. IHET =(TEST (1T. 2)/5.3R N NT.T )
379. S SRITN (6,102) I(~(,) (1d
393. 20 = CONTINU ETA
394. LIS =NIT .EQ 1 T 5
395. NRC =0l
386. 00331=1 NT*

384. C 2 =AE LEFREC~7
195. IFT (1TCT3)1l .LT.( 1.) +OR LIS 11) E.1) G O3

400. NR (,6 = TGR ( 1)- 2
401y. IFT (19)R GT. T (1,T ) GO TC
4902. MHTG 1,1) = I 1 6 l
439. IF ((KTEST GT1. 4) .10R. (ITRINL I.T. 2))
404. x WRITE (6,101) Iq(, MIqT(N)vK18
405. 30 CONTINUE
340. IF (NPT .EQ. NS) GO TOC 50
3957. NR1 = NR0
408. DO 40 1 = NIs NST

400. 40 NRTI = 0R+

4102. 50 COTINUE=
4s~~~~ 401. IF ((NPRINT GLT. 0) AND. (KTRST LGT. 2)) WIE614

413. 80 WRITE (6,103)1 MITN

414. IFTOP EQ S) GTO5

415. 10 DORNT 40 1 'iI( = 12. ') ,12
41S. 102 FOR'T() =TRE C0NR:TTg'1,(xF.,XF.)
41C. 503 CONMTINUE CWPTTO SOPD HTDT SAE

R, 41TARGETSR)

420. STND

4216. SUB FROUTINE 1TAGTORD ER TT lv4~4XF.pIXF.)

422. COM40N /ARRAYS/ TGT(250,13), ATT(50,11),AMO(10,20,21, TO(250,2)t
423. XI!ZONE (5012) 9NH IT(250) MHIT (20),HtT 120t 3 25),qNRW( 51 HI TR(5,3,2501,
424. X ,P(25093),COV(250),MTYPE(10)vNAME(25092$,WPN4REL(10)#NCBU(250)
425. COtQ4ON/lINT/NT PNAtND,NTMtKTEST *MCRv MCWMCL, MODEqNPR INT qNAM9NSTMTT
426. C THIS ROUTINE CREATES AN ARRAY IN WHICH THE TARGET NUM4BERS ARE
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427. c nRDERED ACCORDING TO INCREASING VALUES OF (X4Y) OF THE INDEX CORNER
428. C OUTPUT VALUES : T7(I,1I IS THE (X+Y) AND TO(1,2) IS THE 'ORIGINAL'
429. C TAQGET NUMBLR; I.E. ITS POSITION IN THE INPUT LIST
430. DO 10 1=1,NT
431. C INITIALIZ.S TO (TARGET CRDER) ARRAY
432. IF (TGT (!,9) .GT. 45.) GO TO 5
433. TO(I,1)=TGT(I,1)+TCT(I,2)
434. GO T9 6
435. 5 TO(I,1)=TGT(I,7T+TGT(I,8)
436. 8 T'~i,?)I
437. 10 CONTINUE
438. D0 20 J=2,NT
439. NTEST=O a-
440. 00 15 K=2#NT
441. C RECRGANZ=.S THE T. ARRAY INTO INCREASING VALUES OF THE INDEX CORNER

* 442. I=NT-K+2
443. IF (TO(Ill, .GE. TO(I-1,11) GO TO 15
444. NTFST=I
445. T=TO(I-l,11
446. TN=TOI 1 -1 ,2)
447. TO(I-1,I)=TO(I1,1)
448. TO( I-1,2) =T[ (I, 1-)
449. TO( ,1)=T
450. TO(I,2)=TN
451. 15 CONTINUe
452. IF (NTtST .EQ. 0) GO TC 25
453. 20 CONTINUE
454. 25 CONTINUE
455. IF (KTEST .LT. 3) GO TlC 40
456. DO 30 1 = 1, NT
457. NTO = T.O(I,2}
458. 30 IF (KTEST .GT. 5) %RITF (6,101) 1 , NTO
459. 40 CONTINUE
460. NTI = NT + I
461. DO 50 I = k'TI, NTM
462. DO 50 J = 1,2
463. 50 TO(I,J) = 0.0
464. RETURN
465. 101 FORMAT I' ' Q ANK ',I3,' TARGET 0 , 13)
466. END
467. SUBROUTINE TTZON
468. COMMON /ARRPAYS/ TGT(250,Ol3), A.T(5{,II)•AMD(1,t20.2), T01250,23,
469. XIZONE(50, 21,NHIT(250),MHIT(20J,HIT(20,3,25i3,NRW(5),HITR(5,3,250)
470. X ,P(250,3),COV(250),MTYPE(IO),NAMEI25O,2),WPNrEL(10ONCBU(250)
471. COMMONi/INT/NT,NANDtNTMKTEST ,MCRMCWMCLMO4DE ,NPRINT ,NAM,NSTMTT
472. DIMENSIIN IZ(250O
473. C TGTZON IDENTIFIES TARGET LrrATICk, IN TERMS OF ITS IZONE SO THAT THE
474. c SUBSEQUENT SEARCH PROCr:SS CAN BE REDUCED. CONSIDER THE ENTIRE
475. C TARGET AREA MAPPE3 BY LINES CF CNSTANT (X+Y). ALL TARGETS WITH
476. C 'INDEX C9RNER' (X+Yl FALLING INTO THE K TH 500 FOOT SEGMENT OF
477. C (X+Y) ARE IN THE K TH ?ONE. THE ORDERED INDEX NUMBER FOR THE
478. C TARGET WITH THE LOWEST (X+Y) IN TlIE ZONE IS I.0NE(Kt.); THAT WITH
479. C THE HIGHEST, IS IZONE(K,2). IF THERE ARE NO TARGETS IN A ZONE, THE.1 480. C ILONE VALUES ARE BOTH =QUAL TO THE INDEX NUMBER OF THE LAST TARGET

481. C AS IZONE(K-1,2)I .
482. 00 10 I1I,NT
"483. AA = TO(lIlI/500.
484. 10 IZiI) = AA
485. IZGNE(I,1) = 0"486. IZONE(1,2) = 0
407. IF (IZ1(1) .NE. 0) GO TO 14

A6 ,r
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48 8.
484. 1 Z0NF I)L I
490. IO~12

t 491. DO 12 1 =2,NT

492. IF (IZ(I) *GT. 1) !J) TO 22
493. 12 IZON:(1,2) = I
494. C ALL HITS IN ZONE I1 H-='E.
495. GO Tfl 30
496. 14 DO 16 K = 2,53

497. IF (11(l) E~Q. IK-1)) 60 TO 18
498. IZON.(K,l) a 0
499. 16 IZOlNEIK,2) a 0

21' 500. 18 CONTINUF

501. IZON-I(K,) = I
S502. IZON.(KX-l 2) = 1

9-1 503. IZONE-K,2) = 1
504. C AT THIS POINT K( IS ZONF 'IF FIRST HIT
505. 00 20 1 2,NT
506. F (iZ i) .GT. jK-fl) I 0 TO 2?
507. ?O IZON (9,2) =
508. 3 }N TR&ASCrFP TO 122' K IS FIRST OCCUPIO ZWF AND I IS FIRST HIT
"509. C IN (KetI ZONr.
510. 22 CONTINUE

S511. N = I
512. DO 28 1 = NNT
513. q SKIP Tl 26 IF HIT !N ZONE CF PRIOR HIT
514. IF (IZII) .EO. II(I-1)) GO TO 26
515. 24 K = K+i
516. IZCNE(K,I) = I-I
517. IZONE(K,2) = I-I

518. IF NO HITS IN ZONE INCREMEN•T ZONE
51C. IF (IZ(l) .GT. (K-I)) GC TO 24
520. IZONF(K,I) = I
521. IZONF(K,2) = I
522. GO TO 28

S523. C INCPREMENT UPPEP HIT IN ZONI
524. 26 IZCNE(K,2) = I
525. 28 CONTINUE
526. 30 CONTINUF
527. IF ((K+1) .GT. 50) GO TO 36
528. C FILL ALL .:XCFSS ZONES
"529. KI = K + 1
530. 00 32 L = K1,50?II 531. IZON.(L,I) = NT + I
532. 32 IZONJE(L,2) = NT + 1

533. 36 CONTINUE
534. IF (KTEST .LT. 3) GO TC 50
535. WRITE (6,101)

536. DO 40 K = 1, 50
537. 40 WRITE (6,102) K, IZONE(,1(1),IZONE(K,2),TO(IZONE(K,I),2h,

538. X TO(IZ0NE(K,2),2)
539. 50 CONTINUE
540, RETURN
541. 101? FOPMAT ('1', 'TARGETS BY ZONE',I,
542. X'ZONE LOWFR UPPER (LOWER UPPER)')
543. 102 FORMAT (1 ', 14v4X,13,4X#I3,7XjF4.0,3XF4.0)

544. END
545. SUBROUTINE BOMB
546. COMMON /ARRAYS/ TGT(250,13)v ATT(501ll)pAM0,(1O,2092), TO(250t2),
547. XIZONE(50,2),NHIT(250) ,MHITI20)tHIT(20O3t25),NPW( 5)tHITR(5,3,250)

548. X ,P(25O,3),COV(250),MTYPE(1O),NAME(250,2),WDNREL(1O),NCBUI250V-
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549. CO~tA)T'1/I NT/NT,NA ,NO, MTMKTES-i ,M'CR,t'.C.~,NCL ,MO')c ,NPF INTNAM,NST ,MTT
550. COMMIN /CI3LJHIT/ CSUH'(2OO,2)t !R'50)1 KCBU* KPTI
551 . IF (KTEST .GT. ?) 4'kl`Tf (6t102;
552. NCBUHT=0
553. KCBU = 0
554. DO 40 11,jNA
555. IRUI) = 0
556. NW =ATT(1,9)
557. FMI) A-Mr.(NW.1,1)
558. IF ((MGC)E .LT. 0) .13P. (ATTf 1,11) EQ0. 1.011 GO TO 3
559. C IF (M11% .EQ. 0) GO TO I.
560. C RN =RA'IOT(l.)
1561. c GO TI 2
562. 1 RN = RANJ(1)
563. 2 IF (I) 1E T(tl) CT
563. 2 IF (RI =LE I T(,l) OT
565. GO Tl 40
566. 3 CONTINUF
567. IF V0t~ .LT. 0.0) KCRU I
56P. 0x=o
569. ny=o
570. NS=A'T(T,7)
572. S~=SIN(P'Il)/5
572. PHSI=AT(li,)/5I.
573. C=COS(P'-I)
574. SIGR='.4S3*ATT(1,4)

575. SIGOI=.483*ATT(1#5)I576. CALL Gt.JSS(SIGQ,REFR)
577. CALL G6USStSTGD,OEPR)
5TE. AGZX=ATT( 1,2) 4REqRRS+DE-PF*C
579. AGZY=ATT( I93)+RE9ZR*'C-DE.Ri*S

580. BDGZX=AGZX-S'tTT(1,8)/2.

581. BDGZY=AGZY-C*ATT(I,8)/2.
582. IF (.1S .LT. ?) GO T') 10V 583. DmATTI! ,%)/."IS-1)
584. LOX=ShD
585. OY=C'O
586. 10 C0NT!NLJS
587. SIGX = A~TT0,6)

589. DO 20 M=19NS
59C. IF (tMD .LT. 0.0) NCRUHT =NCRUHT + i
591. IF (NCBUHT .GT. 200) GO~ TC 60
592. IF (MODE .LT. 0) GO TO i3
593. c IS (MI)CE .Egý 0) GO Tn 11

594 C RN =RANDT11.)

595. C GO TO 12)
596. 11 RN = RAN(I)
597. 12 IF (PN .GT. WPNREL(NW)) GO TO 17
598. 13 CONTINUE
599. CALL GAUSSISIGXtX)
600. CALL GAUSSISIGYtY?

1'601. BAGZX=BDGZX+X

602. BAGZY=BDGZY+Y
603. IF (()(TrýST .GT. 2) .OR. (NPRINT .LT. -1))
604. X WPITE (6,101) 1, Mg BAGZX, 8AGZY
605. IF (EMD .GE. 0.0) GO TO 16

11606. C8UHT(KICBUHT91) =BAGLX
607. CBUfIT(NCOUHT,2) = SAGZY
608. GO TO 18jj609. 16 IF ((BAG7.XtBAGZY) .LT. -500.) GO TO 18
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bic. IN4CEX I
611. CALL TESTHT(INDEXq9A'3ZXI-AGZY)
612. GO TO 18

613. 17 IF (EMD .LT. J.0) CBUHTV4C8UHT,1) -10000.i f615. R1DGiY =9 DGZY+fOY
616. 20 CONTINU=
617. 40 CONT!NUE
618. QETURN
619. 60 wRITc(6,103)
620. STOP

622. x I Y-)T M It ra.0)
623. 102 FORMAT ('11,30($0,1 8'2MtR IMP4CT AN,')HIT DaTA *,0e)//
624. 103 FORm&T(l0*,tTH-- C0,JHT ARCAY MUST BE 1:1L~kGED TO *

C25. x I *4'C31OD40TE M'3kE C-9U Wý.APAJS')
626. ENO _ _ _ _ _ _ _

627. SU~tJUTINt: TFSTHT(1,BX#E!Y)
628. COM*'2N /8LRRAYW. T -GT(?50,1-3), ATT(5Q,11),'4*4310,20,2). T0(250921,

629. IZON0.2)~HIT(50),~lT( 0),HIT(20,3,25i,NPWv(5) ,HITR 5,3,250)
630. X ,P(?50tl)tCOV(2501.,ATYPE(I13hNAME(250,?),WPNPEL(10),N4CRUl2501

0L631. COMM 1N/I NT /NT, NA IN), TM,KT FST 9MCR t V4 9 CL 9',MjDt:NPF INT, NAMNST,MTT

633 . NN=XY/500.

6363. LL B~B 10

639. IF ( EQ.2) GOr TO 20
640. IF ( MZ1mE(K-l, 1) .Er. IZONE:(K-2,2)) ANIý.
641. X(lIZ'NE(K'-2#2) .%iE. 1); LL = IZ1AHK,13
642. GO T920
643. 10 LL = IZONE (1, 1)
644. 20 CONTINUa

641--IF (KTEST .GT. 3) WRITE (6,102) It LLtL'J

650. IF C(LGTLE. ) GO0 .Tq 100 G O 3
655. IF ((TGT(L,5)1 t fl) .LT.3 GT 50) GO TO 100

653. IF ((TGT(L,8) - 0) GOT. ESY) GO TO 100

657. IF (KTEST .GT. ý) WRITE. (69101)I.L,BX,BY
65;3. CALL HITTGT(ILvBX,BY)

661 IF((GT(,12 +TGT(L,13)) .LF. 500.) G3 TO 120

130. IFT WETG. ) RITE (6,101) I,L,BXBY

665. 120 CONTINUE
666. 130 CONTINUE
667. RETURN

66. 101 FOFMAT 010XTEHI:ATTtCK 't13,' TGT 0914t I X-DIM
669 ', iF60 D 0,r6.0)

67. 102 FORMAT' 1,20X,IATTACKER '9130 TARGET RA'4K LIMITS 1,2169/)

7.
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671. LND
672. SUBROUTIME HITT';TfILBXRY)
673. C0fDm3N !RLIRAYS/ TGT(?50,'3)9 ATT(50,11),Am')(.OO,20,2), TO(250,21,
674. XIZJtNE(50,2)tNH IT(250) ,MHIT(20,flIT(20t3,25) ,tRW(5),HITR(5,3,250)
675. X ,P(250,3)tCOv(250,M'tYPE(10)oNAME(2502),wP4REL(IO),NCBU(250)
676. COMPMN/I' t/NT,NANr),'4rMK1FST,MCR,MCW•MCL,'iODENPF INTNAM,NSTMTT
",77. CIb'iSIJN r)'J(4),F(4),IS(4),,)2(4)
67e. '• = 0
67S. T = 0

680. DO = AM'(ATT(!,9),TGT(L,.O),1)
681. S = SIM (TGT (L,91/57.3)
682. C = COS (TGT (L,Q1/57.3)
683. C'o C
684. IF ( rO• . ,0 . 3.)) G2 TO 10

655. T =(S + C)*r
686. n = (S - C)*PP

687. 10 X1 =GT (tl1) - T
68E. Y1 = TGT (L,2) + 0

6819. X2 = *tnT (L , ý) + 0
690. Y2 = TGT (L,4) + T

!691. X3 = TGT (L , T + T

692. Y3 = TGT (L,6) - n

693. X4 = TGT (1,7) - I
694. Y4 = TGT (L,8) - T
695. IF ((BX .LT. X ) .1P. (BX .GT°. y3) GO TO 100
696. IF ((iY .LT. Y4) .OR. (FY .GT. v2)) GO TO 1O0
697. IF (TGT (L, 9) .EQ. 0.1 GO TO 60
69P. T = %/C
699. C = 1./T

700. IF ((BX .LT. X2) .ANr. (EY .GT. (YI+C*(OX-Xll))) GO TO 100
701. IF ((BX .G'. X2) .AN. (E-Y .GT. (Y2-T*(BX-X2)))) GO TO 100
702. IF ((BX .GT. X4) .ANr. (BY .LT. (Y4÷+C*(X-X4 ))) G) TO 100
703. IF ((PX .LT. X4) .ANC. (FY .LT. (YI-T*(BX-XI)))) GO TO 100
704. 60 CONTINUE
705. IF ((KTEST .GT. 2) .)R. (NPRIý,T .LT. 0)) WRITE(6tlO1)LBXBY
70(-. NHIT(I) = NHIT(L) + 1
707. NW = ATT(II9)
70F. NTGT = TGT(L,1O)
709. IF ((NTGT .EQ. 1) .AND. (MCR .NE. 0)) GO TO 110
710. PP = AMO(NWiNTGT,2)
711. C RESULTS INCLUDE AN ESTI mATE OF THAT FRACTION OF THE TARGFT AREA THAT

712. C IS COVERED BY A CIRCLE 1F RADIUS 'EMD'. IF A VALUE, NOT GREATER
713. C THAN ONE, IS INPUT WITH THE SUPPLEMENTARY EMD CARD, A HIT WILL BE
714. C ASSUMED TO ACHIEVE THAT FRACTIONAL KILL OF THE TARGET. IF A VALUE
715. C GREATER THAN ONE IS SPECIFIED, THAT VALUE WILL BE USED IN THE
716. C MANNER AS THE EMD TO COMPUTE AN ESTIMATE OF THE TARGET FRACTION
717. C THAT IS COVERED.
718. C COMPUTE DISTANCES NORMAL TO THE FOUR SIDES OF THE TARGET.
719. IF (TGT(L,9) .EQ. 0.0) GO TO 75
720. YD = Y1 + C*(BX-XI) - BY

721. DN(11 = S*YD
722. YD Y2 - T*(BX-X2) - BY

723. DN(2) = CO*YD
724. YD = BY - Y4 - C*(BX-X4)
725. DN(3) = S*YD
726. YD = BY - Y1 + T*(BX - X1l
727. DN(4) = CC*YO
728. 00 TO 80
729. 75 CONTINUE
730. DN(l) = OX - Xl
731, DN(Zj = Y2 - RY

Aut
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732. ON(3) = X3 - OX
7 ;3. DN 4) = BY - Yl
7 74. 80 CONTINIJ'.
735. TOT = 0.0"f36. 00 83 IJ= 1,4

"37. ISMN) = 0
738. D2(N) = DOD-ON(N)
739. IF (D2(N) .LF. 0.0) GO TO 83
740. TOT = TIT + D?(4)*D2(N)
741. 63 CONTINUE

742. IF (TOT .GT. DDO*0') GO TO 100

743. RL = DO
744. IRAO = 0
745. 81 CONTINUE

746. AL = 3.14159*RLtPL
747. DO 84 N = 1,4

748. F(N) = 0.0
749. t = DO - ON(N)
750. IF ((R .GT. 0.0) .ANC. (c .GE. RL)) F(N) = 1.0
751. IF (F(N) EQ. 1.0) GO TO 84

752. IF ((P .LT. 0.0) .ANC. (-R .GT. RL)) GO TO 84
" 753. IF (R .LT. 0.0) R = -R

* 754. IF (P .- ;O. 0.0) GO TO 82

755. Z = R/RL

756. RHO = 2.*ATA''l(l./(Z*Z)-I.I**C.5))
757. A = RL*RL*(RHO - SIN(RHO))/2.

758. IF (ON(N) .GT. O0) A = AL - A

759. F{N) = 1. - A/AL
760. GO TI 84

S761. 82 F(N) = 5
762. 84 CONTINU-
763. FX = 1. - F(I) - F(3)

764. Fy = 1. - r(2) - F(4)
765. -- IF (FX .LT. 0.0) FX = 0.0

766. IF (FY .LT. 0.0) FY = 0.0

767. IF (KTEST .GT.4) WRITE (6,102) FX, FY
768. C NOTE THAT THE USE OF FX ANr FY PROVIDES ONLY AN APPROXIMATE RESULT

769. FAC = FX*FY*AL/(TGT(L,12)*TGT(L,13))
770. PS = 1. - AMINI(l., FAC)
771. IF (IRAI) .EQ. 1) GO TO 91

772. 90 PLtl) = 1. - (1.-P(L,!U)*PS
773,, IF (PP .LE. 1) GO TO 92
774. IRAD = 1
775. RL = PP
776. GO TO 81
777. 91 P(L,3) = 1. - U1. - P(L,3))*PS
778. GO TO 93
779. 92 IF (PP .EQ. 0.0) GO TO 93
780. P{L,3) = 1. - (I. -P(Lt3))*(1. - PP)

S781. 93 CONTINUE
782. IF (KTEST .GT. 3) WRITE (6,1001) L, P1t,1), P(t,3)

"A 783. IF (TGT(L,11) .LT. 1.) GO TO 100
784. IF (NHIT(L) .GT. 25) GO TO 100

785. DO 95 J = 1, NST
786. IF (MHITCJ) .EQ. 0) GO TO 100
787. IF (MHIT(J) .NE. L) GO TO 95
788. HIT J,#1,NHIT(L))=BX
789. HIT {J,2,9NlIT(t))=BY
790. HIT (J,3qNHIT(L))=ATT(Iq9)
791. GO TO 100
792. 95 CONTINUE

a
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793. 100 CONTI NwF
794. IF (NTGT .NE. 1) RETURN
795. 110 CONTINU.
796. DO l20 J 2 1,5
797. IF (Nf, W(J) ..Q. 0) GD T(O 130

798. IF (4RW(J) .Nc. L) GO Tn lZ0
799. HITa(J,19NHIT(I I) =X
800. HITR(J,2,NHtIT(L)) = q

801. HITR(J,39NHIT(L)) = ATT(It9)
802. 120 CONTINUE
803. 130 CONTINU'•

804. E ETUP N
805. 101 FOFM4T(' 1,15X,91*4r•" HIlTGT NllIT(rI3,O)t,2F6.0)
806. 102 FOP M•T(t , FX ',F6.30' FY *,F6.3)

807. 1001 FOR14MT( It# TGT 9 ,030' PKI 09F8.30' PK3 *,F-.3)
80e. FND
809. SUBROUTINE GAUSS (SeV)
810. COMMnN/I NT/NT 9 NA tND, N'rMKT EST 9 MCRtMCwtMCL,0301 eNPR TNT tNAMNSTMT T
B81. IF ((KTEST .GT. 71 .1R. (MOr)E .LT. 0)) G() TO 50
812. A=0.O
813. C IF (M4COE .EQ. 0) G" TO 20

814. C DO 10 1=1,12
815. C Y = ZANgT(1.I
816. C 10 1 = A +" Y
817. C GO T! 40
818. 20 00 30 1=1#12

819. Y=RAN(l)
820. 30 A = + Y
821. 40 V = (A-6.01*S
822. RETURN
823. 50 CONTINUc
824. V = 0.0
825. RETURN
826. END
827. SUBROUTINE CHECKR
828. COMMON /ARRAYS/ TGT(250,13), ATT(50,11)tAMDt1Oe20,2), T0(250,23,
829. XIZONjE(50,2),NHIT(250) ,MHIT(20),HIT(20,3,25),\RW(5),HITR(5,3,250)
830. X ,P(2O0,3),CDV(25t),MTYPE(1O),NAME(25O,2),WPNREL(IO),NCBU(250)
831. CCMMON/INT/NT ,N1 NDNT•,KTEST,MCRMCWMCL,MM39EeNPRINT ,NAMNSTMTT
832. COMMON/STATS/NTRIALITqIALtNSTATSTAT(250,),STAT2(20,5),MSTAT(8)
833. COMMCN /CONTRL/ NREPNPLLT, INW, INLNSAVEI,NSAVE2,LISTNJMEM
834. NC=O
835. NN=O
836. LHOLPS = 10000
837. DO 40 MRW = 1, 5
838. C CYCLE THRU AS MANY AS 8 RUNWAY/TAXIWAYS.
839. IRW = NRW(MRW)
840. C EXIT IF NO TARGET NUMBER (IRW) FOUND.
841. IF (IRW .EQ. 0) GO TO 50
842. NN=NN+I
843. IF (NHIT(IRW) .EO. 0) GO TO 40
844. IF (KTEST .GT. 4) ,WRITE (6,102) TRW
845. INDEX = MRW
846. CALL RUNWAY (INDEX, IRW, ICOND, NHOLES)
847. C RUNWAY SUBROUTINE RETURNS ICOND = 0 IF RUNWAY HAS REQUIRED SPACE;
848. C ICOND = 1 IF NOT.
849. C
850. IF (ICOND .EQ. 1) NC=NC+÷
851. IF (NHOLES oLT, LHOLES) LHOLES = NHOLES
852. IF iNPRINT .EQ. 4) WRITE(6,1O3)ITRIALIRWNHIT(IRW),NHOLES
853. 40 CONTINUe

y'
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854. 50 IF (NC .EQ.NNI GO TO 60
855. IF (NPRINT .LT. 3) WRITE f69101)
856. NSTAT =NSTAT + I
857. 60 CONTINUE
858. IF (CNF=P EO. 1) CAND. (NC .EQ. NN)) GO TO 70I:859. RETURN
860. 70 MSTAT(1) =MSTAT(J) + I.HCLES
861. 'vSTAT(2) = STIT(2) + LHfLZ:S*LHOLESkz 862. P E TU r '
863. 101 F0R14AT(' 19 AT LEAST CNE RUNWAY IS AVAIW-ABLE')
864. 102 FORCAT( 1 1,1 CHECK TARGET #It I'0)
86!. 103 F~opk4Ar' *.'TRIAL',l4,I TGT'9141' HITS¼I49' RE-PA IPS', 13)

Z, ~~866. 2
W,1867. SUBROUTINE RUNWAY (44W* IRW, ICONOD, NHcOLESI

868. COIMMIN /ARRAYS/ TGTf250,13), ATT(5O,11)tfNO(±0,2Oq2)t TOý25O,2)t
869. XIZOt!E(50,2),NHIT(25)O) ,MHITI2O),HIT(20.93,25),NFW(5),HITR(5,3,250)
870. X ,P(250,3),COV(250),MTYOE(10),NAM.E(250,2),WPNkEL(10),NCBU(250)
871. COMMON/STATS/NTRiALITPIAL,NSTAT,STATt25O,8),STAT(202,5),MSTAT(8)
872. COMt"ON/I 4T/NTNAND,NTMKTESTH'CRMCvd,MCI ,'4OOf:qNPRINT,NAMNST,MTT
873. COMMON /HITS/ XN(25O),YN(25O),NJZ(?5O1
874. COMMCýN' /CONTRL/ NRLP,NPLLT,INWINL,~4SAVEI,NSAVE2,LISTNJMEM
875. L)itMENS ION "IT EST (250 J YH ( 2'ý,2)

V87f. C
877. C CHECKS FrnR T4E =-XS'~ANCE CF THE !PECIF1EC. RUN4WAY MINIMUMS (MCL X
b78. C 'VCW) 014 EACH RLJNV4Y AND CE- IGNATE() TAXT WAY (TYPE 91 TARGETS)
87cy. C STOPS StAOCHING A GIVEN\ RUt~wAY WH JtVýR PEQUIRt:M^ENT IS SATISIEO).
880. C
881. TH=TGT(IPW,9)/57.3
88?. C
883. C -ESTABLISH ORIGIN (X'3, YO) FOR A ;ECTANGULAfý COORDINATE SYSTEM WITH

pt,884. C THE X--AXIS ON T14F MOPE SOUTHEcLy EDGE OF THE RUNWAY.
885. C
8816. NHI = 0
887. NHOLFS =1000

s"888. 00 5 ~4 = It 250
8859. 5 NZ(N) = 0
890. IF (TGT(IRW,12) .GT. TGT(IRW,13)) GO TO 10
891. NOIR=l
892. XO=TGT(IPWtl)
893. YO=TGT(IrWtZ)
894. LTH = TGT(IRW,13)
895. WID = TGT(IRW,12)
896. GO T') 20
897. 10 NDIR=2

iF898. XO=TGT(IPW,7)
4899. YC=TGT(IRW,8)

900. ITH = TGTIIRWtl2)
901. WID zTGT(IRW,13)
902. 20 CONTINUE
903. IF (KTEST .GT. 4) WRITE (6,1OO4)IRWX0,YOLTHWI0,MCLMCW,
904. IF (MCW .GT. WID) GO TOi 320
905. NHIT1 = NHIT(IRW)
906. CI0 50 I = 1. NHIT1i i907. IF (AMD(HITR(MRWt3,I),1;1I) .LT. 0.) GO TO 50
908. NTW = HITP('4RW,3#I)
909. GO TO 60
910. 50 CONTINUE
911. 60 CONTINUE
912. NON=1I
913. EMO = AMD(NTWtll,)
914. DO T0 I1 1, NHIT1
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915. IF (HITR(MlW,3,I) .EQ. NTW) 6,3 TI 70
916. IF (4MD(HITR(pkWt3I),1,1) .LT. 0.) GO Tl 70
917. NON m 0
918. EMO = 0.0
919. GO Tj PO
920. 70 CONTINU.
921. 80 CONTINUE
922. Of) 140 I = i, 'JHITI
923. C TRtNSF'RPA $1IT C¢nR,)INATES 10 RUNWAY C:)ROIfjA!E°.
924. NHI NHI + I
925. XB = HIT(%P.w,l9I)
926. YB = HITH('Rd,2,1)
"427. IF _APD(HITR(lR,3,I,,1,1) .LT. 0.1 Nl(I) 1
928. IF (rH .EQ. 0.0) GO TC 110
929. XX=X9-Xrl
930. YY=Ya-YO
q31. R (XXxXX+YY-YY)*ý(0.5)
932. IF (KTSST . 7) 4RITr (6,1010) RXX,YY
933. YZ = YY/o
934. T4 = ATAN(YY/XXl
c35. IF (XX .LT. 0.0) THI = THI + 3.1411)
936. TH2 = TH) + TH
937% 1 C (N').1 oEQ. 2) TH2 = TH2 - 1.5700.
938. XNUi)=P*COS(TH2)
939. YN(I)=kwSI'i(T42)
940. IF (KTrST .GT. S) WRIrT[6,1OO9)IXN(I),YNtI)
941. -X T3 130
942. 110 1; (NCIR .F*. 2) G, TC 120
943. XW(I)=Xa-XO
944. YN(I)=YB-Yn
945. GO TO 130
946. 120 XN(I)=Yq-YO
947. YN(I1=XO-XJ
943. 130 IF ( I .GT. 249) GJ TO 150
949. 140 CONTINUE
950. GO T) 160
951. ISO WRIT_ (691001) IRW, ITRIAL
952. 160 CONTINUE
953. NH = NHI
954. C IF NPL'T .EQ. 2 RUNWAY IAPtCTS AOE PLOTTED FOR ALL CONDITIONS.
955. C IF N,(LnT .EC. I 114PACTS CNLY PLOTTED WHEN RU4WAY IS CLOSED.
956. IF ((MRW .1;0. 1) .ANC. (NPLOT .EJ. 2,) WRITE(6,1012)ITRIAL
957. IF (NPLOT .EQ. 2) CALL FLOTHT(NH,IRW,LTHWID)
958. IF (KTEST .GT.6) WRITE (6,1006) NHIT(IRW),INH
959. DO 170 I=l,NH
960. YH(I,1) = YN(I)
961. f70 YH(I,2)=t
962. II (NH .EO. 1) GO TC 190
963. DO 180 J=2,NH
964. DO 180 K=2,NH
965. C ORDER ALL 14ITS FROM LOWEST Y To HIGHEST. YH(Il) IS THE
966. C Y COORNATE, YHtI,2) THF HIT NUMBER, Or THE I TH ORDERED HIT.
967. I=NH-K+2
968. IF (YH9I,1) .GF. YH(I-1,1)) GC TO 180
969. T=YH(I-1,11
970. TN=Yl(I-1,2)
971. YH(I-1,1=YH(!,1)
972. YH(T -1,2)=YH(I,2)
973. YH(I, l)=T
974. YH(I, 2=TN
u75. 180 CONTINU=-

im . - I-J . . .
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97E. 190 CONT I Nit L977. XL = 0.0 £

978o XU = MCL
97S. 200 VL = 0.0
980. YU =
981. NYL = 1
q82. IF (NON .EQ. 0) GO TO 210
983. YL = YL -E71i.
984. YU = YU + c M, •
985. z10 CONT I NUE
98f. 220 WIOLF= 0
987. DO 250 I = NYL , NH
988. IF ("'Z(I) .EQ. 1) GO T(' 250
98S. YT = YH(I,•1)
990. IF (VON Ell. 1) (',. TC 230
991. = AlA(HITR(mRW,3yYHIv,2)),v1,1
992. YL = YL - R

993. YU = YU + Q
994. 230 IF tVT *LT. YL) GO TO 240
99-3. XT = XN)(YH(I,2))

996. IF ((XT .LT. XL) .IQ. (X7 .GT. XU)) GO TO 240
997. IF (YT .GT. YU) GI TC 2?0
998. TVIOL. = .H)LE f- I.
999. IF (KTcEST ,GT. 61 WRIRTA16,1008) It IHOLE# YLYU
1000. NTEST(IHOL;.) = I
1001. IF ('4kE'- .FQ. 0) 0G3 TO 260
1002. 2'10 IF (NCN .F'). 11 GC TO 250
1003. IF (I .=(. NH) GO TO 2(0
1004. YL = YL +
1005. YU = Yu-
lOOf° 250 CONTINUE
1007. 260 CONTIKUM
1008. IF (IPrILL .EQ. 3) GO TO 300
1009. IF (NCN .EQ. 1) NYL = NTEST(1)
1010. NH1L"S = MTNO(',HOLFS, IHCLEI)
1011. IF (NON .EG. 0) GO TC 270
1012. YL = YL + INW
1013. YU = YU + IN-,,
1014. IF (YU .,T. (WIO+EM4)) GJ TO 280
)015. GO T) 24O
1016. 270 YL = YL 8R + I Nw
1017. YU = YU - R + 114W
1018. IF (YU .GT. WID) G'; TO 280
1019. IF (KT=ST .GT. 4) WPITE(6,1008) NHILES
1020. GO T 220

S1021. 280 CONTINUE
1022. XL = XL + .INL
1023. XU = YU + INL
1024. IF (XU ,GT. LTHI G2 TO 290
1025. GO TO 200
1026. 2qO IF (NPRINT .Gb. 3) GO TO 295
1027. IF ((MRW *EQ. 1) .AND. (NPLOT .NE. 2)) WRITE (6,1012)ITRIAL
1028. WRITE(6,1002) IRW
1029. IF ('4RFP .GT. 0) WRITE (6,101l) NHOLES
1030. IF (NPL)T .EQ. 1) CALL PLOTHT(NHIRW,LTH,WIO)
1031. 295 tCONG = I
1032. IF ((NOLOT .GT. 0) .WNO. (NPRINT .LT. 3)) WRITE(6tl000)
1033. RET(IIN !- i
1034. 300 IF (,)PRINT .GT. 2) GO 10 310 .... ,
1035. IF ((MRW .EQ. 1).ANO.(NPLOT .NE. 2)) WRITE (6,1012) ITRIAL
1036. WRIT? (6,1003) TRW
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1037. 310 ICONr) = 0
1038. IF ((NPLOT .EO. Z) .4ND. (NPkINT .LT. 3)) WqITE(6910O0)
1039. NHOLFS = 0
1040. RE'URN
1041. 320 WRITH6E.,10US Iw
1042. STOP
1043. n100 FCR'AAT('°1°
1044. 1001 FnR4T('0t,'f4NLY FSRST i50 HITS TESTED FOR TARGET #1,14,
1045. X I IN TRIAL 4',14,/,9)
1046. I1002 Ffl•V•T('0't°RUNWtY V0,13,0 IS CLOSED',/)
104?. 1003 FCrukAT(bOt,9IjjIWAY "9,I3,' IS OPEN,9/)
104•. 1004 FGRmAT(' ',' -UNWAY SPLCS ',I4,4Xt2F8.0tI89F8.0ptI8i

1049. 1005 FGRMAT (0O°,t*"*** TAPGiT 0',13,' IS TOO NAIROW FOR t,

1050. X 'FLIGHT OrERATIONS1 I
1051. 1036 FOR'4AT(' Ii U HITS TL CHVrK', 216)
1052. IOa FORMAT(' ',1 TFST POINT 09 't2110,ZF1O.0)
1053. 1009 F OMAT(' I,, TEST OOTNT •IE', 14,2r10.0)

1054. 1010 F-IRMAT(O 't' R = ',F8.0,10Xt2F1O.0)

1055. 1011 FOR MAT I ' l 1,' 40HLES MUST bF REPAIRED TO MEET RUNWAY o•

1056. X IMINIMJMSt t/)"•1057. IDL2 FCRuAT ('11 , 1 vkf* T'-lAL 000I391 * *• •/

1058. c'
1059. SUdRUTINE PP IN'
1060. INTEGER *4 N44E

100. COWM)N /AROAYS/ TGT(250,13), A-T(50,11),AmC(1O,20,2), TO(250,2)t
1062. XIZJNE(50,2),NHIT(250) 4MHIT 20),HIT(20, 3t25NkW({5)HITR(5,3,250?
1063. X ,P(2503•),rOV(25'J),MTYPE(1O),NA4--4-250,2)t,WPNRLL(10),NCBU(2501
"064. COMM ./INT/IfT, N' ,ND ,NTMKTFSTMC •,MCW,4CL, MODENPRINTNAMNST,MTT
1065. C)MMO0'/STATS/llTRIAL, ITRIAL, jSTAT, StAT(250,8ISTAT2(20,t5•MSTAT(8)
1066. IF (NTPIAL .E'4. 1) GO TO 1
1067. WRITE_ (6,108) IT; IAL
1068. GO T! 3
1069:. 1 C0NTINU-
1070. WRITE (6,106)
1071. 3 CONTINUFS1072. WRIT2 (6,101)
1073. DO 10 M=1,MTT
1074. NN= 0
1075. DO 10 I=1,NT
1076. IF (TGT(I.10) .NE. M4 GC TO 10
1077. NN= NN+1

1078. IF MNN .EQ. 1) WRITE (6,109) H

1079. NATO = 'JHIT(I) - NCBU(I)
1080. WRITE(6,102) I, NATO,COV(I),PfI,1 ,P(I,3),P(I #,
I081, X NAME(Itl) , NAME(1,2)

1082. 10 CONTINUE
1083. IF (NPRINT .GT. 0) GO TC 30
1084. WRITE (6,103)
1085. DO 20 M - i, NST
1086. IF (MHIT(M) .EQ. 0) GO TO 30
1087. ?N=O
10o,. NL = NHIT(MHIT('4)
1089. IF (NL .EQ. 0) GO TO 20

109C. 00 15 N=1, NL
1091. NN=NN+1
1092. IF (NJN .EQ. ?61 GO TO 201093. IF (NN .EO. !! WRITE (6,104) I4HIT(9)

1 ,1094o X=HJT0(At INN)
1095. Y-!iITCMt2NN)
1096. NWPN=HIT(,4,39NN)

i 1 1097. WRITE (6,105) XtYrNWPN

,'A
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I1058.E 15 CO NT INUE
1099. 20 CONT INU;

4z1100. 30 COMT INU~
1101. DO 50 4 19~ 5
1102. IF (NFW(M) .,-Q. 0) GO TO 60
1103. N'N = 0

1104,. NL =NlHIT(NRW(m))
1105. IF ('iL EQ0. 0! G)~ TO 50
1106. 00 43 N = 1, NI.

1108. IF (NN .EQ. 251) 'I`0 TO 50

1110. X = HITR(M.19%4N)
1111. Y = HITR(Mi2tNk')
1112. NWPN = ITR(M,3NN~)
1113. W~RITE (69105) X, Y, NWPN
1114. 40 CONTINUE
1115. 50 CONTINUE
1116. 60 CONTINUE
1117. RETUI~l
1118. 101 FO)P*ATb0I,)
1119. XITGT NO. C 1U ,I1OXg
1120. K' 8BJ'MBS coU S3LDG'9/tlXt
1121. "'O.~ ITS ClVE'kAGE ',10X,
1122. XIEMD ('THER PK NO.')
1123. 102 FOR'4aT (I ,13,3X,14,4XF6.2,1OK,2(IXF5.3b96XF5.3,7X,2A4)
1124,. 103 FOR'4AT('0',1'SX90HIT LOCATIDN AND WPN TYPE FOR SELECTED TARGETS'
1125. , I
1126. 104 FOqMATC O TARGET 1VUMBERPI4t K-DIM Y-DI'4 '

1127. X IWPN TYPE$,/)
1128. 105 FORMAT(' , 2 1X 92 F9. 0 t17)
1129. 106 FORMAT('1*00XTARCET P-IT SUMk4AARY19/)
1130. 108 FOR'4ATC'11,1OXTARGET 141T SU?4IARY TRIAL' -15)
1131. 109 FORMAT('O', laXtw TARGET TYPE 9 '103*1 **'I)
1132. END
1133. SUBROUTINE STATIS
1134. COMMON /ARRAYS/ TGT(250,13), ATT(50v11l,AMD(l0920,2), TO(250,Z),

-~ ~ 1135. XIZONE(50,Z),MHIT(250),MHIT(20hHLT(20,3,25),NRWC5),HITg(5.3,25o)
l136. X eP(250,3),C0VI25O),9TYPE(10),N*AME(250,2),WPN~itL(10),NCRU(25J))
1137. COMMON/INT/NT,9NAPNDtNTM ,KT EST 10'CR , ýCW,MCL 9 MODEoNPR INTPNAM, NST,'4TT
1138. COMMZ0N/STATS/N'TRI AL,#ITP IALP NSTAT, STAT (2509 8) tST AT2( 20#5) , STAT( 8)

41139. CCOMMON /CONTRL/ NREDNPLOT,INWINLNSAVEl,NSAVE2,'LIST,NJMEM
1140. WRITE (6#1011 NTRIAL
114;. AVGREP = 0.0
1142. 00 12 M 1, MTT
1143. NN = 0
1144. SUMI = 0.0
1145. SUNZ 0.0
1146. 00 10 I=It NT

S1147. IF (TGT(19101 NME. M) GC TO 10
1148. CONTINUE
1149. NN= NN+1I
1150. IF (NN .EQ. 1) WRITE (6,102) M

-iB1151. FHIT = (STAT(1,31/NTRIALI*100.

1153. SUO~l SUMi AHITS
115',. TRIAL =NTRIAL

~,41155. SDH = (STAT(1921 - TRIAL*AHITS*AHITS)/(TRIAL -1.)

1156. SDH SOH**10.51

1157. ACOV =STAT(1*4)/TRIAL

1158. SUtP2 =SUM2 + ACOV

.
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1159. SDC (STAT(I,5) - JPIAL*ACOV*AC0V)/(TRIAL - 1.)
1160. SoC =OC"(f.5)
1161. PKI = STAT(! ,6)TRI AL
1162. P z2 STAT(I,71/TRIAL
1163. PK3 x STAT(IA.)/TRIAL
1164, WRITc (6,10' IIFHITAHI1SSDHAZOVSr)CtPK1,PK3tPK2,NAME(It13,
1165. x NAiF ( E 1,21
1166. 10 CONTINUE
1167. IF (NN .GT. 0) WITE (6#108) SUMit SU42
1168. 12 CONTINUE
1169. WRITE (6,1061
1170. 0O 2 = 1MTT
1171. 00 15 1 2 ,NT
1172. IF ( TGT(I,1O .MO. P) G3 TO 20
1173. 15 CONTINUý.
1174. GO T3 25
1175. 20 FHIT = STAT2(M,1)/TRIAL
117f. SDH = (STATZIM,2) - TRIAL*FHITIFHIT)/(TRIAL - 1.)
1177. FCrV3 = 1O0.*(STAT2(4,3)/TRIAL)
1178. FCCV4 = IO0.*(STAT2fv4)/TrIAL)
1179. FCCV5 = 1O0.*(STAT2(M,5)/TRIAL)
1180. FHIT = 1O0.*FHIT
1181. SDH = l.*(S5VH**(0.5))
1182. WRIT= (,107) M, FllIT, SCH, FCOV3. FCOVS, FCCV4
1183. 25 CONTINU
1164. 30 CONTINU5-
1185. IF (MiC• .EQ. 0) GO TC 50
1186. STA = NSTAT
1187. FOPENJ = (S'A/TRiAL)*100.
1188. NCLS') = tyqRAL - STA
1189. IF (NCLSD .EQ. 3) GO TC 40
1190. CLSn = 14CLSr)
1191. AVGREP = fSTAT(1)/CLSD
1192. SDREP = 0.0
1193. IF (NCLSr .GT. 1)
1194. X SDPFP = ((MSTAT(2)-CLSr•AVGREP*AVGREP)/(CLSC-I.))**(.5)
1195. 40 CONTINUE -

1196. WRITE (6 104) FOPEN
1197. IF (NRo .FQ. 1) WRITE (6,105) AVGREP, SUREP
1196. 50 CONTINUE
1199. RETURN
1200. 101 FORMAT ('1', IOX,'TARGET DAMAGE STATISTICS FOP',14,' TRIALS',/,/,
1201. X I TARGET PERCENT AVERAGE HITS STU. OEV. AVG. CBU STV.$
1202. X,' DEV. AVG. C'CM8 CCVERtGE CBU 8LDG',/,
1203. X I NUMSFt% ATTACKS HIT PER ATTACK OF HITS COVERAGE C3)VE',
1204. X'RAGE EMD OTHER PK N0.*,/)
1205. 102 FORMAT (' '1,/ 15X, 'TARGET TYPE 4 ',13,/)
1206. 103 FORMAT(' f,6,6X,F6.1,6XF7.2,6XF6.2t4XF6.2t4XFa.2,
1207. X 2F9.3,3XF9.3,2X,2A4)
1208. 104 FORMAT(' ',/, ' AT LEAST ONE MINIMUM RUNWAY SECTION WAS OPEN AFTE
1209. XR', F6.10 PERCENT OF THE ATTACKS't/)
1210. 105 FORMAT(' 4,'WHEN ALL RUNWAYS WERE CLOSED, *,FA,'PF4.1,
1211. X') HOLES REQUIRED REPAIR, ON THE AVERAGE, TO FtVVIDE',
1212. Y' A MINIMUM RUNWAYtt/)
1213. 106 FOPMAT(' 'tl//,IOX,'CAMAGE STATISTICS QY TARGET TYPL,,/,/v
1214. X ' AVERAGE'i/,
1215b X ' TARGET PERCENT STANDARD .... COVERAGE .... ,/i
1216. X ' TYPE HIT DEVIATION EMD OTHER CBU$/)
1217. 107 FOFMAT(' *,5X, 121 2(6XF5.1), 3(2X,F5.1))
1218. 108 FORMAT(' '125X,'-------t,16X,'- ---- ' ,/,26X9F6.2.16XF6.2)
1219. END

Z



1220.SUBqOUTINE CBIU
122i. COM4~?N /AR4RAYS/ TGT(25otl3)t ATT(50911)tA" 920#2), TO3t253,2),
1222. XtiZIE(50,2),NHITC250),MH1To(20flH1T(20,3925),';RW(5)),HITR(5,3,25O)
1223o X ,P(250*3)*COV(P50)PMTYPE'U0ONA4E(250,2)tWP4PEL(IC)v4CrJU(250)
1224. C0omm'q."/INT/tIT,NA ,ND,NTM,KTEST ,WCR,MCWd,MCL.,M9DE,NPP INT ,NAM,NST,-MTT

t1225. CfMWth-l/StATS/NTR1&L,ITrRIAL,NSTAT,STAT(250,8),STAT2(20,5).*iSTAT(8)
1226. COMM1N ' CBUHIT/ CRHU'-(200t2)t IR(50), I.,CgiU, KPTI

1229. c COMPUTE PATTIERN DIAGONAL D'IMENSIO3N
1230. D0 2 4wpkl = 1, 10V 1231. WOtNWIPN) =0

A1233. IF (LTH .LE. 0) G13 TC 2
1234. WID =AArINWP%,2,1)
1235. lo0(NWPN) = ((LTH'PLTH + WIDkWID)**(.5))/2.

1236. 2 CONTINUE
1237. C AT THIS POINT TH= PROGRA~M NOW CHECKS, TARGET ý-Y TARGET, FOR

1238. C WHATEVIE; C-3U'S VAY HW~ CCVEPýD ANY PAkT OF TH-5 TARGET.
1239. 'C200 L = 1, N\T

1241. INIT1 0

1242. c COMPUTE TAOGrT Cc~TEk
1243. TCXz(TGT(L,1)+T'3T(L.1)l*0.5
1244. lCY=(TrT(L,2)+T'T(L.6J)*0.9

$1245. c TARGET PI AGrIMAL
1246. XA=Tl'T(L,1)-'GT(L,5)
1247. YA=TGT(Vý2)-TrTIL*6)

1248. TO =0.9-((VýX4X + Y",YA)v*(0.5))

1249. NCBUHT=0
1250. D)O 40 1 = 1, N~A

1251. C FOP EACH- tLTIAC'K

1252. IF ( I F(f I o. 1i GO rr 40
1253. INITZ = 0
1254. NWPN = ATT(I,)
1255. LH= -ýMO(NWPN.1.1)

1256. ;F (LTH .LF. 3) G3 T^ 40
1257. WTI) = AMHN(WP'J,Z,1)
1258. TOT = Wr)(NW~t4) + TO

71259. INS =ATT(1,7)
1260. INIT3 = 0

1261. C FO. EACH WEAPON

1263. NCE9H1T = NCRUHT + 1
1264. XB = CPUHT(NCBUHT, 1)

x1265. ;F (XB *EQ. -10000.) GO TO 20
1266. YB = CBUHTINCIUHT, 2)

1267. C DISTANCE 9FTWEEN TARGET AND CIATTFRN C-NTERS

1268. 0 = ((X4-TCX)*(XiB-TCX) + YB-TCYI*(YB-TCY))**(.5)
1269. C TARGET CANNOT BE HIT IF 0 GPEATEP THAN fOT

1270. IF (0 .GT. TOT) GO TO 20
1271. IF (INIT3 .GT. 0) GO TO 16
1272. INIT3 = I
1273. PHI = AlT TI,1)/57.3

1274. S = SIM-:PHI)
1275. C aCos(PHI)
1276. SL. S*LTH

1278. CL C*LTH

71279. CW -. 11t
1280. .00 5 J 1, 16
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1281. DO 5 K = 1. 1'.
1282. 5 NCOV(JK) 0
1283. 16 CONTINUc
1284. XX(Iý = XB- ISL+CW)/2.
1285. XX(2) = XX(l) +SL
1286. XX(3) = IX(2) + Cw
1287. XXi4) = XX(UJ + CW
128E. YY(I = Ye. + (SW-CL)/2.
128c'. YY(2) = YY( + CL
1 90. YY(3) = YY(2) - SW

1291. YY{4) = YY(1) - SW
1292. IF (INIT2 .GT. 0) rO T( 18
1293. INIT? = I
1294. C FIND WEST,[ LY C ]R'JER
1295. ILX = I
129g.. DO 15 0'N = 1,'4

S1,7. 15 IF (XX(NN) *LT. XX(IILX)) ILX = NN
c2CE. i IS .EO. 1.31 ILX = 4

1299. r PENUJM33 COR.:ERS SJ THa& CLRNEP 01 IS THE MOST WESTEkN'
1300. IDIF = ILX - 1
S1.301. COPU', ANP AOJUST TaN AND CITAN AS RFQUIRJI
1302. IF ((S .10. 0.01 .'IP. (C .Qo. 0.0)) GO TO 28
1303. IF (MILX .L(. 2) .CR. (IIX .EQ. 4)1 GO T) 26
S1304. T S/C
1305. f.0 T1 27
130f. 26 T = -C/S
1307. 27 CT= I./T
130E. 28 CONTINU'i
130q. 15 DO 22 NM - 1,4
1310. NEW = NN - lr)TF
1311. IF (NEW .LT. 1) NEW = 6EW + 4
1312. X(NEW) = XX(NN)
1313. YfNt:W) = YY(NN)
1314. 22 IF (KTFST .GT. 4) WPITE(6t10O3).ilW,Y(NEWIbY(NEhW
1315. IF (INITI .GT. 3) Gr TO 31
'316. C CREATE A 16-PCIINT GRI(, ON IARGET - USE MORE POINTS FOR LARGE TGT"
i317. INITI = 1
1318. NXO = 8
1319. NYO = 8
1320. IF (TGT(Ltk2) .GT. 250.) NYO = 16
M321. IF (TGT(L,12) °GT. 1000.) NYC = 32

,1322. IF ITGT(I,131 ,GT. 250.) NXO =1C.

11323. IF (TGT(L,13) .GT. 1000.) NXO = 32
1324. NXT = NXO/2
1325. NYT = N4YO/2

1326. DO 29 J = 1, NXT1327. DO 29 K = It NYT

1328. ICOV(J,K) = 0
1329. 29 PSC'V(JtK) -1.
1330. NX1 = "•XO I

1331. NYI = NYO- 1
1332. XO = NXO
1333. YO = NYO
1334. AO = TGT(Ltl)
1335. Al = (TGT(L,7)-TGT(L,1))/XO
1336. 14.2 = (TGT(L,3)-TGT(L,))/YO
1337. A3 = TGT(L,2)
1338. A4 = (TG T (L,.)-TGT(L,2))/'0O
1339. Ci5 = (TGT(LB)-TGT(L,2))/XO

1340. 31 CONTINUE
1341. C TEST TO SEE IF TARGET CCRNERS t.OVEREi BY PATTERN

W '~-
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1342. NIN * 0
1343. NGIN 0
1344. DO 10 NC 1, 7, 2
1345. XT=TGT(L,NC
1346. YT=TGT(L,Nr"i)
1347. IF (KTEST ,-. 4) WQITE(6,10011 XTYTA 1348. IF ((U- (• 1.OR.(XT *GT. X(3))) GO TO 10
1349. IF *' . (4f•.OR.(YT .GT. Y(23)) Go TO 10
1350. iF . .) .JR. (C .EQ. 0.) GO TO 7
1351. IF , tY(1)+CT*(XT-XIC))) GO T3 10
1352. IF (f. '.(Y(2)-T*(XT-X(2)))) GO T) 10
1353. IF (YT.LT.(Y(4)4CTI(XT-X(4)))l GO TI 10
1354. IF (YT.LT.(YII)-T*CXT-X(l)))) (13 T-') 10
1355. 9 NIN " NIN + 1
1 .;6. to CO'T I NU:

F 1357. IF (KTFST .GT. 3) wRITE(6,1002) NIN
1358. IF ('(IN .LT. 4) GO TC 34
1359. C Ir ALL CORNFRS COVER.D BY PATTERN, TARGET FULLY COVERED
1360. 00 32 J = 1, NXT
1361. !0 32 K = 1, NYT
1362. 32 NCO\P(JK) = NC'V(J,K) + 1
1363. GO Tl 13
1364. C IF PARTIALLY CnVF9EO, ESTIFATc FRACTION THAT IS CJVFRED
1365. 34 COTINUE
136f. Or 30 1IX = l,NXI,2
1367. DO 30 NY = 1,NYI,2
1368. J m (NX4I)/2.

* 1369. K = (NY+I)/2.
1370. c GRID-POINT OIMFNSI'.NS
1371. XT = AC + NXSA1 + NY*A2
1372. YT = A3 + MY4A4 + NX*A5
1373. C CHECK IF WITHIN ccCTANGI. ENCLOSING DATTEQN TH4AT IS PARALLEL TO

""f 1374. C AXES
1375. IF ((XT .LT. X(l)).OR.(XT .GT. X(31)) GO T) 30
137f. IF M(iT .LT. Y(4)).CR.(YT .GT. Y(2)1) Go TO 30
1317. IF U(S .tQ. 1.) .OR. (C .EQ. 0.1) GO TC 35
1376. C CHECV IF PCIK'T IS WITHIN ACTUAL CBU P1TTEFN
1379. tF (YT .GT.(Y(1)+CT*(XT-X(l)J)) GO TO 30
1380. IF (YT .GT.(Y(21- T*(XT-X(2)fl) GO Tn 30
1381. IF (YT .LT.(Y(4)+CT*(XT-X(4)))) GO TO 30

1382. IF (YT .LT.(V(l)-T*(XT-X(1)))) GO TO 30
1383. 35 NGIN = NGIN + 1
1364. NCOV(J,K) = NCOV(JtK! 4 1
1385. IF CKTEST .GT. 5) WRITE(6,1005) NXNYXTYTNGINNCOV(JK)
1386. 30 CONTINUE
1387. 33 CONTINUE
1388. IF ((NIN + NGIN) .EQ. 0) GO TO 20
1389. r. RECORD ANY COVERAGE AS A 'HIT'
1390. NHIT(L) = NHIT(L) + I
1391. NCBU(L) = NCBU(L) + 1
1392. IF (KTEST .GT. 4) WRITE(6,1006) L, NHIT(L), NCBU(L)

5 1393. IF (UTGT(LtI) .LT. 1) .OR. (TGT(L,10) .EO. 1.)) GO TO 130
1394. IF (NHIT(L) .GT. 25) GC TO 130
1395. O0 120 J = 1, NST
1396. IF (MHIT(J) .EO. 0) GO To 130
1397. IF (4HIT(J) .NE. L) GO TO 120
1398. HIT (J1, NHIT{L))=XB
1399. HIT (J,2,NHIT(L))=YB
1400. HIT (J,t3NHIT(L))=NWPN
1401. IF (NHIT(L) .EO. 25) WRITE (6,1007) L, ITRIAL
1402. GO Ti 130

S' i'' l 1 t *T
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1403. 120 CON' TIMU;
1404. 130 COh1T I NLU
1405. IF (TGTI.,10) .N1. 1.) G3 TO 150
1406. IF (NHIT(L) .rT. 250) GO TO 150
1407. 00 140 J = I, 5
1408. IF ('ipW(J) .Q. 0) GO TO 150
1409. IF (',RW{J) .NE. L G O TO 140

1410. HITR(J,,NHITrL)) = X3
1411. HITl(JsZ,N4IT(L)) = YB
1412. HITR(J,3,NHIT(LI) NWPN

1413. IF (NHIT(L) .EQ. 250) ,RITFI6,1039) L, ITRIAL
1414. 140 CONTINUE
1415. 159) CONTINUE
1416. c * RECYCLE FOR g4OR= WEAP')NS
1417. 20 CONTJINUF
141e. IF (INIT2 .EO. 0) GO TC 40
1419. PSP = 1. - A'O(NWPN,TGT(1 ,10)2)
1420. 00 160 J = 1, NXT
1421. DO 160 • = 1, NYT

1422. ICV(J,K) = ICOV(J,K) + foC)V(J,K)
1423. 160 PSC0V(J,K) = DSClV(J,K)*FSPl*NC0V(J,Kl
1424. C 1-* RCYCL= FOR MOkE ATTACKS
1425. 40 CONTINUE
1426. IF ((I;I1"1+I':IT2) .GT. 0) GO T') 165
1427. P(L,2) = 0.3

1428. COV(L) = 0.0
1429. GO T3 ?00
1430. 165 TCOV = 0.0
1431. PST 0.0
1432. 00 170 J = It NXT
1433. PO 170 K = 1, NY'

1434. IF (ICOV(JK) .GT. 0) 7C]V : TCOV + 1.
1435. 170 PST PST + PSCIV(J,K)
1436. T0TC =NXT,ýNYT
1437. COV(L) = TýOV/TJTC
1438. P(L,2) 1. - PST/TOTC
1439. IF WKTEST .GT. 3)WPITE(6,1')04)LTCOV.TOTC,PST,C')V(L),P(L,-2|
1440. . C* QECYCL FproMORE TARGETS
1441. 230 CONTINUE
1442. RETURN
1-43. 1001 FORMAT(l ',o XT '1F8.O,' YT ',F8.|0
1444. 1002 PJRMAT(' ', ' NIN ',14)
1445. 1003 FORMAT(, t, I NSW ',13,2FI0.0)
1446. 1004 FJRMAT(' ','TGT', 14t' COV',F6.0,' TOT - r-6.0,' PST,'
1447. X FIO.4,' COV',FI0.4,' P(L,2)',FlO.4)
1448. 1005 FORMAT(' ',' I X ',13,' -NY ',I3,2FlO.O,2110)

149. 1006 FORMAT(' ',' TGT ',14,' NHIr',15,' NCBU',I5)
1450. 1007 FORMAT{t0','m*"v* ONLY 25 HITS WERE STORED FOR TARGET #',

1451. X 139' DURING TRIAL 4',14,' ****,)
1452. 1009 FOPMAT({Oe,'**0* ONLY 250 HITS WERE STORED) FOR TARGET',

1453. X 1'N,130' DURING TRIAL N',140' ****to)

1454. END
1455. SUBR3UTINE PI.OTHT(NHNRLTHrWIO)
1456. COMMON /HIT31 XN(Z50ltYN(250),NZ(250)
1457. DIMENSION ICOL(030)
1458. DATA IBK I 1H IIXl IH /9,IYI 1H+ /,IS/ !H- i',IE/ IH' /
1459. C THIS ROUTINE PL"IS THE IMPACT POINTS (BUT NOr CRATERS) FOR
1460. C ALL HITS THAT HAVE BEEN STnRED FOR A RUNWAY/TAXIWAY. IT
1461. C WILL PLOT ALL HITS THAT AFFECT RUNWAY OPERAkTON UP TO 50 $FEET'

1462. C OF EITHER SIDE OF (UP TO) A 300 'FO'OT' RUNWAY. RUNWAY LENGTH
14f3. C IS LIM'ITED Tl 13000 'FEET'.
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1464. W =•Ol.+,

} 1465. LF• = LTH/1O0. +I

1466. IF (LEN .GT. 1q]) LEN = 12Q
1467. LU = Lt"ll0.
146F. LI = I0*tJ + 1
1469. LU = LU + I
1470. DI 40 J = 1,40
1471. 1 = 41-J
1472. OG 10 N z 1,129
1473. 10 ICOL(N) = IBK
1474. ICCL(lI = IE
1475, ICOL(L1,N) = IF
147k . IF ((I .NE. 5) .ANr. (I .N:. IWI1)) GO TO 14
1477. Po I1 NS = IL!N
147E. 11 ICOL(NS) = IS

147S. DO 12 NS = *,L1,L0
1480. 12 ICCL(NS) 1 I
1481. 14 COthTINUE
1482. DO 20 N I ,M'H
1483. NY = YNM(N)/10. + 5.
1484. IF (?Y .%E. I I G," TO 20
1485. NX = YN(N)/130. + 1.

1486. IF ((NX .LT. 1) .0k•. (NX .GT. 12q)) Gf, T3 20
1487. ICnL(NX) = IX
1488. IF 1NZ(N) .EQ. 1) IClL(%X) : IY
1489. 20 (ONTINUF
1490. Y = 1/5.
1491. LY=Y
1492. IF (IY-LY) .NT. 1.0) Gr T) 30
1493. LYY = 5*LY - 5
1494. WRIT' (5sl0) LYY,(ICOL('),M=I,129)
1495. GO TI 4G
1496. 30 AI IT,. (5,102) IC'L(M),A'=1t29)
1497. 40 CONTINUl-
1498. WRITF (5,103) It ~,:) NR

1499. RETUR N

150C. 101 FCRMAT (' ',I?,I29AI'
1501. 102 FG'MAT P ',2X,129AI1
1502. 103 FORMAT (1' ',' 0, 1, (8X,1)/,
1503. X 40X,' TENS PY THOI)S.fCS QlP LENG T H UNITS 3,/,/,

1504. X 40X, ' 7I40ACT O0INTS Of. RUNwAy NU43ER 4,12,1i
1505. X 37X, ' = = POINT JVPACT WPN CBU CENTROIW)'
1506. EN o

1507. SUBR 3UrINE JMEMO(NJm5M,r)
1508. CO/•M•N/INT/N4T,N •.,NO ,NTMT•ICST'-iCW, MW,M-L tMODE, NPRINT ,NAt,'4STMTT
1509. VIMENSI)N F(911 011)
1510. C THIS SU3ROUTINE PR]VIDES THE UJSEF 'MEIH01 V' AS OUTLINED IN THE
1511. C 8-74 WANG 7,O USERS'S MANUAL FOR JHMM OPE.-END METIODS.
1512. C THIS TDAJEýTORY PROGRAM PERMITS AIDA .iEkS TO PRESCRIBE THE
1513. C ATTASK r.ATA AS IN J4.EV4. THE SUFROUTINE LOGIC LS TAKEN DIRECTLY FROM
1514. C THE REFERENCED PU;JLiftATION AND USES NOTATION CLOSELY PARALLELING
1515. C THE ORIGINkL. ONLY THE 'PATTERN MOAIW5S$ CDOfPJTAT(ON (USED WITH
1516. C ROCKEYE2 1S OMITTE'.
1517. NJM.M NJm'm + 1
1518. NCNT = 0 E(
1519. IF (NJI42M EQ. 1) WRITE (69101:
1520. READ ",tI,12) (flll9,•U

1521. WRIT (5,103) 4A, ('3t,),I=-l6)
1522. WRITE (6*1134) (E(I),I=i,9) )

1523. Do Z, I = 1,994

1524. 20 D(I) 0(1+1) -.4

ago
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15250 VI = 1.688*Efi 1
1526. V z V4
1`527, TH a L( 31 /57.3•

1528. VX % V'OSMT)
1M29. VY - -VS INt TH)IS30. TA * (a(MM - 1.o'E(B) +IE5)-1.)PF(9?
1531. DX * TUtVX/2.
1532. YI a H2) - VY*19
1533. VI v (YI + ý(Uf/2.
1534a. Y a VI
1535. TF s 0.4
1536. VF v 0.k)
1537. THr=0. a
1538. IF 'M(7) .GT. c,00.) ;O T) I
1539. Yr 0
1540. IF ((1) .rQ. 0.')) Gd if. 7
1541.• TPOsF (7}

1542. GO TI'l 3
1543. 1 YT = F(7I
1544. 2 TPV= 99.
1545. 3 CONT!NUF1546. DG = 32.17/C(,)F(4)
1547. 7 COWTI!NUC
1548. IF (WTEST .G". 5) 4RITE (6f,106) TFetV
154c. NCNT -- NCNT + 1
1550. IF INCNT .GT. 2000) GO TI 30
1551. NCNT2 = 0
1552. C = V/220. - 3.
1553. IF (C .GE. 3.) C = 3.
1554. IF (C .LT. 1.) C = 1.
1555. OD = C*DGwEXP(-Y/31000.)
1556. 0T= 10./(DG*V*V)
1I57. IF (9T .GT. 0.5) .nT = 0.5
1558. GO TO 13
1559. 5 CONTINU2
1560. fF = TF)
15h1, VY = VVO
1562. Y = YO
1563. IF (KTEST .GT. 5) WRITFt6,107) 9T, VY
1564. NCNT2 = NCNT2 + 1
1565. IF (NCNT2 .GT. 100) GC T) 30
1566. 15 CONTINUE
1567. TrO = Tc
1568. TF = 7F + DT
1569. IF (TF .LT. tPD) GI TO 4
1570. TF m TP3
1571. 0T - IF - TFO
1572. 4 CONTINUE
1573. VYO VY
1574* VY VY'(1.-V'IVT:;'DO - 32.174DT
15?5. y) ~y
1576. Y y + 1JT*(VY+VYVGI?.
1577. IF ý(W - YT) .G=. -1.1 GO TO 6
157E. Zi 'x1O;V*Do + 37.17
'.579. 7 = Vy vk'yV 4 2.O*(YO-YT)*ZZ
1580. DT = VYo - **(.51)/ZZ
1501. GO TO s
1582. 6 CONTINUE
1583. VXO VXl•1585. vxo = vx t~*V~V~~

1584. VX VX*1..-V*DT*ODI
1585. OX =DX + %T*(VXO+VAI/l..

-.--

---
- .10 -- - -1



-83-

158f. V (VXA'VX +- VY'VY)**(.5)

1587. IF (TF .EQ. TPD) GS TO 1Z
1588. IF (FIT) °GT. v00.) GO T9 11
1589. GO TO 10
1590. 11 AID = A3S((Y-E(7)))
1591. IF (AID .L". 1.) G' TC 12
1592. IF (KTEST .GE. 5) WRITE (6,109) AIDt TF
1593. 10 CONTINUE
1594. IF (KTEST .GF. 5) hRITF(6,108) Y
1595. IF (Y .GE. 1.1 GO TO 7

1596. GO T) 15
1597. 12 CONTIV'UE
1598. Z = -VY/V
1599. ZZ= (l.-Z*Z)'={°r•)

1600. THF=ATA'4(LZ/)Z
1601. DG = 32.17/(E(5)*E(5))
".602. TPD= 99.
1603. YT = 0.'.
1604. IF (F(7) .GE. 500. E(7) 0.0
1605. GO TO 10

10 Z = -VY/V
1607. Z1 - (Z1.- Z*Z*()5)
1608. AT = ATM(Z/ZZ)
160S. SR = (DX*DX + Y kY1P (.5)
1610. IF (0(5) .EQ. 0.0) GO T1( 8
1611. HP = 0(41/1000.
1612. CP = 0(5)/1000.
1613. GO T', 9
1614. 8 BP = 0.0573"D(4)
1615. CP = 1P
1616. 9 CONTINUE
161T. U = (E(6)kZ(6)vTF*Tr)
1618. D(4)=(U+(SR*Sk*8gP/YI)**2. )}=(. 5)
1619. D5)=(U4"CP*CP*SR*SR)-*(.5)
1620. SRT = SZ/100°.
1621. D(8) = VlvT*SIN(AI-TH)fSI4(AI)
1622. OISP = )(6)
1623. D(UO) = 0.674-nISP*S4T
1624. D(6) = MO(10)/Z
1625. AID = 57.3*AI
1626. THFD= 57.3*THF
1627. WRITE(6,105) Tr-, SR, AID, THFV
1628. RETURN
1629. 30 WRITE (f-1l101
1630. STOP
1631. 101 FORMAT(hl1t2OXf0JMFM FCRMAT ATTACK DATA'//I '0,
1632. XIATT NO. HOG X-MPI Y-MoI CEP(REP) (DEP) DIS
1633. XPI/I 0,

1634. SPEED ALTITUDE DIVE TERMI TERM2 WIN
1635. XD 70/HF T TDOv//)
1636. 102 FOFMAT( 6X9 6F6.0, 3V6.3)
1631. 103 FORMAT (t0'916,7FlO.Ol
1638. 104 FORMAT to '96X9 6F}.OOt 3F10.3)
1639. 105 FORMATI' *,30X9'TF 1,FS.29 SEC SR ',FT.0,9 FEET 91

1640. X 'IMPACT ANGLE '.F5.291 DEG (FUZING ANGLE ',F5.2,' nEGl')
1641. 106 FORMAT(' *,' ,v 1,F6.3.0 SEC *tF8.0, FEET ',F8.lt FT/SEC')
16424 107 FORMAT(0 #,OXtl DT tF1O.4,' VERT VEL',FIO.3)
".643. 108 FORMAT(' ',SALT IF10,2)
1644. 109 FORMAT(0 *,'ALT r)IFF1,FIO.2,. TF ',F10.2)
1645. 110 FORMAT(0/t ,'LOOPING IN JMEMO. CHECK INPUTS AND/OR TEST',
1646. X WITH KTEST = 6.0')
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I A47. ENr)
1648. SUB;OUTINIE EXPHIT I-
164q. COM'MON IARPAYS/ TGTU?5Otl3), ATT(5O,1)tlAMO(10,20,2),TO(250,2),
1650. XIZONS(5O0,2),NHIT(25O) ,NMHIT(20),H4IT(20,3t25),!JPW(5),HITR(593,250)
1651. X #P 1 O, 3),COV125C)9M TYPE(10),NAI4E(2'5092),WP4REL( 10) tNCBU(250)
16521. COMj/N/T9 .'D'TtTS MC C-"LMlENP4 A4N~tT
165- C0M",lN / HITTPN i NWIT0, NR DO
1654.- C THIS R09JTINE ':STI"ArES TPE EXPECTED NU~MBERS OF H~IS Fi3R ATTACKS WITH
1655. c POINT-Ik*PACT -qEAPON'S ONLY.
165(. C
1657. C
1653. C
1659. NCYCLE =
1660. PI 3.14159
1661. DO0 200 1I 1,N&
1662. NW =ATT(1,9)
1663. IF AmfP'JWil,1) .LT. 0.0) GO T') 240
1664. REL = WPNREL(NW) 1
1665. NFLAG=0
166f. NS = ATT(I.7)
1661. IS = A7,T(I,8)
166e. DHI= ATT(I,1)/57.3
1669. S S11l(PHI)

1670. C = CCS( PHI)
1671. IF ((A7~I1 '. 0.)Q .(P (ATT(I,l) rl 180.)) GO TO 10
1672. CT = C/S

J1674. 10 NFLAG = 1

1675. 20 CONT 1NUS~
1677,. OLSL = LS/9.

1678. I F (LS .GT. 5)0) G- TOJ 30

167S. NP =5K

1680. OLS =LS/4.
1681. I F (LS GOT. 50) GJ TC' 30
1682. NP =2
1683. O)LS = LS
1684. 30 CONTINUE V
1685. X = ATT(It2) - 3&LS/2.

168f. Y = ATT(1,3) - C*LS/2.
1687. SIGQSý 2.200.ATT(I,4)*ATT(I,4) 4-ATT(I,6)*ATT(I,6)
1688. SIGDOS = 2.200'lArT(I,5)*ATT(I,5) + TT(I,10)*ATTtI,LO)
168cy. TSRS = 2. *SIGRS
1690. TSCS = 2. 'SIGO)S
1691. SIGR = SIGPS**( *5)
1692. SIGD = SIGOS**(.5)
1693. F = 1. / (SIGR*SIGO*6.2832)I1694. IF (KTEST .GT. 1) WRITF(6,1008)lLSNP,DLSXYSIGR, s
1695. X SIGD,
1696. NFLAG2 *0

1697. DO 180 L = 1,NT
1698. IF (TGT(L,1O) E~Q. 21.) GO TO 180
)1.99. NFLAG2 = I
1,700. DEN = 0.0
1701. TLI. TGT(L#12)
1702. TL2 =TGT (1,133
1703. TH = TGT(L#91/57.1
0704. CHI =TH - PHI

1705. SC = SIN(CHI)A1706. CC = COS(CHI)
1707. 51 = (SIGRS*CC*CC +. SIGDS*SC*SCI**(.5)

A~
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1708. S2 = (STGFS*SC*SC + SIGDS*CC*CC)*%(.5)
1709. Nl = (4.*TLI/S1) + 1
1710. N2 = (4.4TL2/S2) + 1
1711. IF (KTtST .GT. 1) WRITE(6vlO09) NI, N2, Sit S2
1712. 00 90 K = 1,7,2

-• 1713. XT = TGT(L,K)
1714. YT TGT(L,K*1)
1715. XX X - XT
1716. IF (NFLAG ,Eu. 1) GO TO 40

1717. YY a YT - Y + CTOXX
1718. 0 = -YY*S
171q. R = YY*C - XX/S
1720. GO T 'i J
1721. 40 UI * XX
1722. R IYT - Y)wC
1723. 50 AIDI - D*D/TSDS
1724. IF I!TLI+TL2) .GT. 200.) r.n TO 60
1725. IF (AIlI rT. 12.) GO TC 180

1126. h0 IF (AID1 .GT. 10.) GO TC 90
1127. 00 = SEXO'(-AI1I)
1728. 0080 s m = 1,NP
1729. AID2 = q*R/TARS
1730. IF 4AID2 .GT. 10.) GO TO 70
1731. DR SEXP(-4I02)
1732. DEN DEN + 9)QY'
1733. NCYCLE = NCYCLk: + I

1734. IF (KTEST .fT. 2) WRITE(6,1031.,LPK,XT,YT,O,R,DC,OR,CEN
1735. 70 R = -ILS

1736. 80 CONTINUE
1737. 90 CONTINUE
1738. C IF THE TAIGET DI'I.NSIONS AcE SMALL (I.E. L{SS THAN CNE-CUARTER
1739. C THE PROJECTION IF SIGMA PACALLEL JTI THE TAtGET EDGE) THE HIT
1740. C DENSITY IS TAKEN 4S THE AVeRAGE C• THE VALUES AT THE FOUR CORNERS.
1741. C IF IT IS LARGER, A GRI) CF I14TERNAL PlINTS IS ESTABLISHED 4ND
1742. C THE HIT DENSITY IS TAKEN AS THE AVZRAGE OVcR THE CCFtJERS AND THE

1743. C INTEPNAL POINTS.
1744. IF ((NI + N2) .3T. 2? GO TO 100
1745. DEN = DEN/(4.*No)
1746. GO TO 160
1747. 100 CONTINUE
17%8. STC = SIN(TH)
1749. CTG = CSS(TH)
1750. DILI = TLI/(Nl+l)
1751. OIL2 = TL2I(N2+1)
1752. DO 150 M = I,Nl
1753. 00 150 N = 1,N2
1754. XT = TGT(L,1) + m*)'IL1*STG + N*DIL2*CTG
17'15. YT = TGT(L,2) + M*DIL•1CTG - N*OIL2*STG
1756. XX = X - XT
1757. IF (NFLkG .110. 1) GO TC 110

1758. YY YT - Y + CT*XX
1759. 1) -YY*S
1760. R = YY*C - ýX/S
1761. GO Tl )20
1762. 110 D ý XX
1763. k = (YT - Y)*C
1764). 120 AIDI = D*D/TS3S
1765. IF (AIDI .GT,. 10.) GC TO 150
1766. OD = SEXP(-AIDI)
1767. DO 140 K = 1,NP
1768. AID2 R*•/TSRS
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1769. IF (AIL2 .GT. 10.) GO TO 130
1770. OR = SEXP(-AI12)
1171. DEN = DFN + )0•DC
1772. NCYCLE = NCYCLF + 1
1773. IF tKTEx T .GT. 2) W0ITE6,1lOO6)I#LXTYTv) RDDDRtDEN
1774. 130 R = O- LS
1775. 140 CONTTN'U€.
177 f. 150 CONT INUE

1777. 02K, = )EN/ ((4+NI*N2)%KP)1778. 160 CONTINIUE •
1179. DEN1 = nCN
178C. DEN = N'S*F*RrL*&,TT(I Iii),102NI
1781. IF IKTLST .GT. 1) Y'RITF (6,1007) ILOENIDiN
1782. .EMr. = AM(0iW,TGT(L, 101,1)
S1783. r)L1 = TLI + 7-L•AP
I 1784. rL2 = (L2 + 2tFmr
S1785. EVITI = PE*(0)LI*lL2 - .8564sA-FDEMD)
178l . COV1L0 = CU;T (L) +- HITT
1787. 120 CONTINUT
1879. IF (NFLAG2 .- :T,. O) GO TO 730
1789. 2 T0 CONTINUE
1790. WRITFNE6,100N ) ICYCL F
1791. WRITE (6,1002)
1792. 1 0 C 20 M = NINTT
1793. NN = 0
1794. TCOV = J.0

1795. BLCGHT = 0.0
1796. DO 210 L = TCNT
1797. IF ITGT(LlOl .N:. 4) CC TO 210

1798. N22 = NN + 1
1808. TCOV = TV + CV(L)
1800. RLDGHT = RLOGHT + (1. -TU-CV()
1801. IF (NN EQ. 1) wIITE 16,1001) M
1802. 10 (6003) LCTV(L(,',A5E(LCI)YNACS,.L,2I
1803. 210 CONT INUT Y
1804. IF ("!N TEQ. A) GO TO 220
1805. 5LDGHT = BLOGHT/,IN
1806. WRITA ('1','1 C TCOV, FLUGHT
1807. 220 CONrINU W RT
1808. 230 CONTINUTG
1809. RETURN

1810. 240 WRITF (6, 1004)
t 1811. STO~P

1812. 1000 FORMATI'l'i 2SX A 'CYCLES'* 17//)
1813. 1001 FORMIAT ('OlAOXT#I ,/ TGT ,13TY AV DtEN
1814. 1002 FORM5AT (.' iIOX9'TARGET HITS*,/,1OX,i NO EXPECTED')
1215. 1003 FORM4AT to ',IXtI416XtF 8.3,6Xv2A4F
1816. 1004 FORMAT ('IN,' COMPUTATION STOPPED - CBU WEAPONS ARE NOTF,

•1817. X 0 PERMITTED WITH SUOROUTINE EXDHITI)

1818. 1005 FORMAT(' ',00- ATT - ,,1, TGT ,139' COP *9,12
1819. X 4F6.0E 3E12.4

!1820. 1006 FORMAT tol l,'lp ATT OY1390 TGT Ii13,4F6.013E12.5)
S1821. 1007 FORM4AT(O t10 ATT 1,13,0 TGT itl3, ' AVG DEN l
S1822. X F8-5tl NOR DEN 1,F:14. 09//)

!1823. 1008 FORMAT to 't'AT', 1113,218, F8.2, 4F8.1, E12.51
S1824. 1009 FORMAlf {• tNl 1,14,9 N2 4, 14,6X,Z810.1)
S182 5 . 10 10 F O R M4AT (i ' ,2 0X i' --- --- -- ' / , 19 X ,F 8 .3 9 ' fI ', F 53 # ' i)'),
S1826. END

11)27. FUNCTION SEXPIX)
1828. IF fX .LT. -0.0251 GO TO 10
1829. SEX0 = 1.+X

I"

41
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1830. RETUON
1831. 10 SEXP = ;XP( X)A
1832. RETUPNI
1833. END
1834. SLBPCOUTINF GRIDE0N
1835. COMMON/ARS AYS/TGT( 2)0 91.3) 9ATT 50t L ,A4r 0(L2092 9TO( 250 v21 9
183f. XIZ0NE150,2),NHIT(250) .*;IT(20IdPIT(203,32b),N4RW(5),HIT~f5,3,25))
1837X xP( 250 3 ) CrV( 251)TYPý ( 101 tNAM' ( 25092 1 9WPNREL( 10 ) NCBU (250)
1838. COM41N N 1At-)4M*TET9MqiM tC , YODE NPR TNT,NAMNST, MTT
1839, DI'IENS!'K, VATAC 17)
1840. NCYCL= = 0 -

1841. PI =3.14159

1843. DO 140 L1 LMT
1844. IF IT'r7(L.10) .Nr. 21.) GO) TO 143
1845. NrLAGZ 0
1846. INC =250
1847. Ir (TT(Lgi) .(.GT. 0.) INC =TGT(L,9)/16.
1848. NII= TGT(L,1)
1849. M = TGTII,t2)
1850. DO 120 NYR = 1,17
1851. n0 1Ž0 NX z 1,17
1852. NY = 18 - NYP.
1853. O0ýN =0
1854. XT = 14XI + (NX-11*TNC
1855. YT = NJY1 + (NY--1)*INC
1856. DtITAMN) 0.0
1857. no 100 1 1, MA
1858. Nw = A"19
1859. IF (AAC(Nw,i,l) .LT. 0.) r0 T%~ 160
1860. RýL = WPNý!L(NWI
1861. MJrLAG = 0
186?. NS= TTUI7)
1863. LS = ATTtj,B)

1864. PHI = AkM1,I,)/57,3

1865. S = SIN(DHI )
186C. C = COS (PH! )
18"17. Ir ((.ATT(I,1) .E0. 0.) .)R. (ATT(U,1) .EQ. 130.)) G0 TO 10
1868. CT = C/S
1869. GO TO 20
1870. 1 NPLA = 10
1870. 10 CNTLA. 3
1871. 20 10JI'U
1873. OLS = 1S/9.
1874. IF (LS .GT. 500) GC TO 30
1875. NP =5

1876. 015 1.5/4.
1877. IF UIS .G7. 50) GO TO 30

1878. NP
1879. OLS = LS
1880. 30 CONTIW4E
1881. X zATTU1,21 -S*LS/2.
1883. SIGvS =2.200*ATT(It4)*ATT(T,4) +. ATT(1,6)*ATT(lt6)
1884. SIGO)S =2.200*ATT(It,)*ATT(I,5) +ATT(I,10)*6ATT(I,10)
1885. TSOS =2.0 *STORS
1886. TSOS =2.0 *SIGOS
1887. SIGR =SiCQS**I.5)
1888. SIGDt' SIG0S**(.5)
ISM9 F =1. /(SIGR*SIGD*6.28321

~1890. . XX X AT

a,
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1891. 1IF INFLAG Ee0. 11 GO Ti 40
18921. YY 9 YT - Y+ CT*XX
1893. f ) a ' Y
1894. 0 a 2 s - xx/i'
1895. GO TI, 50
1896. 40 n m xx
1897. t (VT - Ylac
11(9pt so AIt1 -- *f/S3
189'. IF 1ItDI .GT. 10.1 Gil Tn g0
1900. fasTXPt-AI011
1901. I-CYCL9 a NCYCLF + I
1907. 00 80 a' IsN

1903. AP)s2 vR~T
1904. f 1 410D2 rIVT. 10.1 G( I'm 70

1906. +

1907. '4CYCIA; RLYCL1, + I.
1%oe. IF IKT!*'r .(,T. 2) WAITZ 11005) XT*YT,i),l,0D9CPPEN
190ce TO ( - 'L
1910. no CfONTI tic
1911. 90 CO.'.T NV.
1412. VEI 100*SI44-I(.1*ýNN
1913. rTA(.Ijxi = r~tr.g':Xt + rLM4
191.4. 110 CONT I NUT
1915. IF (I..eLAG, .EQ. 1) GL Tn 110

1,416. rLAG2 a I
1917. WRITE (6. 10011
1918. 110 CONTINUO
1919. IF 1'4X ALT. 17) 40' Tr 120
1920. NYT - T
1921. IF MNY *IT. 17) s0 Tc 115
1922. NU~ = -K1 + 16vVJC
1923. WRITS (6.1002) Mf~C. NLVC*NX1.F.X2vlNC)
1924. 11$ WRITE (6,10031 AIYT, IDLTAM9) IsI,171
1925. 120 C0NTINUS
1926. 140 CO~T I NUE
1927. W'1T'S (6910041 NCYCL
1928. rETUPNt
Mg2. 160 C3hITINUc

1930. WR&1TEIS,10061
1931. STIP
1932. 1001 FOQMATfI1?KIf2Xv1XECTFV HI1T DENSITY PER 10000 SQ FT',I/Il
1933. 1002 FORMAT' 1,//,30X,' X - LOCATION19/tt ItOX,17179/o,

1934. X * Y L3C 0)
1935. 1003 FORMAT(* *I,/' It 16# 4X, 17F7.3 I
1936. 104 FORMAT(I *#1///,2Xs'CV(LES IN GRIDEN '1916
1q937. 1006 FORMATIO *,II/,* COM'PUTATION STOPPED - CSU WEAPONS ARE,
1938. X I In)T PER'41TTFO W.ITH SUBROUTINE GRIDEN')
1939. 1005 FODmATIG '4F06.0.3EI2.4$
1940. ENV'


